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SECRETARY  OF  THE  SillTHSONIAiN  INSTITUTION, 

ACCOMPAKY1NU 

2%e  annual  report  of  the  Board  of  B/egenU  of  tike  InslitwUion  to  tke  end  of 

June,  1891* 


Smithsonian  Institution, 
WashingUm^  D,  0,,Juiylyl89J- 

To  ihe  Congrees  of  the  United  States : 

In  accordanoe  with  seetion  5593  of  tbe  Revised  Statutes  <if  the  Fuited 
States,  I  have  tbe  hanor,  in  behalf  of  the  Board  of  Regents,  to  submit 
to  GongresB  the  annual  report  of  the  operations,  expenditures,  and  con- 
dition of  the  Smithsonian  Institution  for  the  year  ending  June  30, 1891. 
I  have  the  honor  to  be,  very  respeetfolly,  your  obedient  servant, 

S.  P.  Lanoley, 
Secretary  of  Smithsonian  Institution. 

Hon.  Levi  P.  Mokxon, 

JPreeident  of  the  Senate. 
Hon.  Thokias  B.  Bbbd, 

Speaker  of  ike  Mouse  o/Jtcitresentatives* 
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REGENTS  OF  TUE  SMITflSOI^lAN  IJfSTITUTlON. 


By  the  organizing  act  approved  August  10, 1816  (fievised  Statutes, 
Tntle  Lxxm,  section  5580),  "The  business  of  the  Institution  shall  be 
oonducted  at  the  eily  of  Washington  by  a  Board  of  Regents,  named 
the  Regents  of  the  Smithsonian  Institution,  to  be  composed  of  tlie  Yice- 
President^  the  Chief- Justice  of  the  Fnited  States  [and  the  Goremor  of 
the  District  of  Oolumbia],  three  members  of  the  Senate,  and  three  mem- 
bers of  the  House  of  Representatiyes,  together  with  six  other  persons, 
■other  than  members  of  Congress,  two  of  whom  shall  be  resident  in  the 
<city  of  Washington,  and  the  other  four  shall  he  inhabitants  of  some 
iState,  but  no  two  of  the  same  State." 


BEGENia  FOR  THK  YEAR  JS91. 

The  Chief-Jnstioe  of  tho  United  SteCest 

Bf£LVILLE  W.  FULLER,  eleetecl  Chaacellor,  and  P)reald«Bt  ot^  Btmd  Jan- 
nary  1889. 

The  Vi.  r.Presideut  of  the  United  Btatea:: 
LEVI  P.  MOKTON. 

^United  Stsitea  Si^nators :  "Tiemi  "itf»5rc<». 

JUSTIN  S.  MOKRILL  (appointed  Febnmry  21,1883)  .Miw. .%  IHH. 

SHELBY  M.  CULLOM  (appointed  March  23, 1885,  and  Mar.  2^  1889)  .Mar.  3,  im^ 
RANDALL  L.  GIBSON  (appointed  Dec.  Iff,  1887,  and  Mar.  28, 1880).. Mar.  3^  ia». 

Members  of  the  Honee  of  Repreaentatives : 

.lOSEPTT  WITKELEP  (api)oiiited  Jan.  5,  1888,  and  Jan.  6,  1890).. Dtn;.  23,  mi, 

BENJ.\MIN  ItUTTERWORTH  (apjwinted  January  «>.  1880)  iV^r.  •_>:?.  IHfU. 

HENRY  CAHOT  LODGE  (appointed  January  tt,  1««0)  Doc.  23,  18»1. 

<Citizons  of  a  8tat«^ : 

HENKV  COPPEE,  of  Pennsylvania  (liiHt  appointed  Jan.  19, 1874).  Dec.  26,  1891. 
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ANDREW  D.  WHITE,  of  New  York  (first  appointed  Feb.  15, 1888).Feb.  lA,  1894. 
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CitijcenH  of  WasbinirtKU : 
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JOURNAL  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF  THE  SMITH 

SOMAN  INSTITUTION. 


Smithsonian  Institution, 
Washingtony  January  28^  1891, 

In  accortlance  with  «a  resolution  of  the  Boanlof  Hegeut«of  the  Smith- 
sonian Institution,  fixing  the  time  of  the  beginning  of  the  annual  Bes- 
sion  on  thefburth*  Wednesday  of  January  in  each  year,  the  Board  met 
to-day  at  10  o'clock  A.  M. 

Present,  Ghief-Jnstiee  Fuller,  Chancellor  of  the  InstitntioD,  Hon. 
J.  S.  MOBBILL,  Hon.  S.  M.  Gullom,  Hon.  B.  L.  OmsoN,  'Hon.  H.  0. 
Lodge.  Hon.  Joseph  Wheeleb,  Br.  Henby  Goppee,  Dr.  James 
C.  Welling,  Gen.  M  .  G.  Meigs,  Dr.  Andrew  D.  White,  and  the 
Secretary. 

The  minuteH  of  the  last  meeting  (January  ^s,  181>0)  were  read  aud 
approved. 

A  letter  from  Dr.  J.  B.  Angkll  was  read,  stating  the  reasons  for 
Lis  absence  from  the  meeting. 

The  Secretary  informed  the  Board  that  the  following  resolution  had 
been  passed  by  Congress  and  approved  May  22, 1890: 

No.  38.  Joint  letolation  to  fill  varrtnci< mi  the  Board  of  Begimts  of  the  Smith- 

aunian  limtitiitiou. 

Re9ol'99&  by  the  Senate  anA  Mouae  of  Eepresenfatives  of  the  United 
States  n/Anrrrica  ht  Congress  anfirmttledj  That  the  vacancies  in  the  Board 
of  Kegeuts  of  the  Smithsonian  1  iistitntion,  of  the  class  othor  than  mem- 
bers of  Congress,  shall  be  filled  by  the  appointment  of  Charles  Deveus, 
of  Massachusetts,  in  place  of  Noah  Porter,  of  Connecticut,  resigned ; 
and  by  the  appointment  of  James  G.  Welling,  of  Washington  City, 
whose  term  of  office  has  expired. 

Approved,  May  22, 1890. 

The  Secretary  read  a  letter  teom  Judge  Devens,  September  20, 1890, 
declining  the  honor  of  the  position  of  one  of  the  Begents  of  the  Smith- 
sonian Institution,  on  account  of  a  provision  in  the  constitution  of  the 
State  of  Massachusetts,  that  Justices  of  the  supreme  Judicial  court 

*Reeolatioii  of  tho  Board,  January  S,  1890. 
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of  the  Coiiimonwealtb  shall  iini  liol<l  ai»y  other  plac  r  oi  ollico,  or  receive 
any  pension  or  sulaiy  Irom  any  other  Btate,  goveruiiieut,  or  power 
whatever.'' 

Ju(l^:e  Deveiis  stated  that  were  it  not  for  this  provi.siou  of  law  "it 
wonld  have  alforde<r' him  "  sincere  plca.sure  to  have  been  associated 
with  the  Regents  and  the  St  rretary  in  the  admiuistration  of  this  great 
national  trust  for  the  diltusion  of  knowleil -  e  among  men." 

The  JSeeretary  stated  to  theBoard  that  since  the  receipt  oi  tiiia  decli- 
nation he  regretted  to  announce  the  death  of  Judge  Devens  very  sud- 
denly on  the  7th  of  the  present  month. 

Dr.  Welling,  eliairnian,  presented  the  annual  report  of  the.  executive 
conuniiu  e  for  the  year  ending  ^iOtli  June,  1S90. 

On  motion  tin-  report  was  accepted. 

On  motion  the  following  resolution  was  adopted: 

R('Sf>ln  fh  That  the  income  of  tlie  Tnstitntion  for  tlie  fiscal  year  end- 
ing June  I  be  appropriated  for  the  service  of  the  Institatien,  to 
be  expended  Uy  the  Secretary,  with  the  advice  of  the  executive  com- 
mittee, upon  the  basis  of  the  operations  described  in  the  last  animal 
report  of  said  committee,  with  full  disoretion  on  the  part  of  the  Secre- 
tary as  to  items  of  expenditures  properly  falling  nuflor  each  of  the 
heads  embraced  iu  the  established  conduct  of  the  Institution. 

Doctor  WeUing,  on  the  part  of  the  Executiye  Committee,  stated  that 
he  had  a  resolution  to  Introduce,  which  he  desired  to  prefim  by  a  few 
remarks. 

The  resolution  of  the  committee,  after  certain  verbal  alterations, 
WHS  adopted  and  is  as  follows: 

Resolved^  That  the  action  of  the  Executive  Committee,  during  the 
recess  of  the  Board,  iu  authorizing  the  Secretary  of  the  Institution  to 

at^t  for  and  in  the  name  of  the  lu -^^ents  in  all  matters  jiertaining  to  tlie 
Kational  Zoologit-al  Park  is  hereby  approve^l,  and  that  the  liegents 
authorize  and  direct  the  Secretary  of  the  Institntion  to  sign  in  their 
name  all  requisitions  on  the  United  States  Treasury  loi  the  money  ap- 
propriated by  Congress  for  the  National  Zocilogical  Park,  and  to 
approve  for  payinent  by  the  disbursing  otticer  of  the  Siaithsonian  In- 
stitution all  bills  for  services  and  supplies  for  said  Park. 

On  motion,  the  following  resolution  was  adopted: 

Whereas  Congress  in  the  sundry  civil  act,  ai)proved  August  30, 
ISOO,  made  the  following  provision :  Repairs,  Smithsonian  Building: 
F(»r  tire  proofing  the  so-called  chapel  of  the  west  wing  of  the  Smith- 
sonian liiiilding,  and  for  repairing  the  roof  (»f  the  main  building  «and  the 
ceiling  and  plastering  of  the  main  hall  of  the  building,  $20,000,  said 
work  to  be  done  under  the  supervision  of  the  Art^bitect  of  the  Capitol 
with  the{ii»provalof  the  liegents  of  the  Smithsonian  Institution,  and  no 
portion  of  the  approi)riatioii  to  l)e  used  for  skyli;ihts  in  theroornor  for 
wcUhole  iu  the  floor  of  the  main  building:"  riicrefore, 

Rt'Holredy  That  the  Regents  of  the  Snutiisonian  Institution  hereby 
authorize  the  Secretary  of  the  Institution  to  sign  all  requisitions  on 
the  United  States  Treasury  for  the  money  appropriated  by  Congress 
(sundry  civil  appropriation  act,  approved  August  30, 1890)  for  repairs. 
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Siiii(]i:^oniaii  Buildio^,  to  approve  of  plans  gnbmitted  by  the  Architect 

of  the  Oapitcjl,  and  to  certify  to  all  vouchers  for  v!iymonts  by  the  Treasury 
Department  for  work  done  or  materials  Aimished  tor  said  repairs. 

The  Secretary  called  attention  to  an  estimate  he  had  submitted  to 
Congress  at  the  beginning  of  the  session  in  relation  to  an  astro-physical 
observatory  as  fi>ilow8: 

Astro  physiml  ObnerwOorff,  i9mt<A«ofii«m  J«»fi<tt<t<>fi.^Maintenanee  of 

astro-phy.sica]  observatory,  under  the  direction  of  the  Smithsonian  In- 
stitution, within  tlu'  liniits  of  the  National  Zoological  Park,  including 
salaries  of  assistants  and  the  purchase  of  additional  apparatus  (Sub- 
.  mitted),  #10,000. 

2^0TE« — ^An  astro-physical  observatory  and  laboratory  exists  now 
under  every  considerable  civilized  government  but  that  of  the  United 
States  which  has  none,  exc('j>t  that  the  Institution  commenced  one  on 
thf  most  modest  scale  in  Lsss,  which  now  occupies  a  temjiorary  strnc- 
ture  on  the  grounds  south  ot  tlic  Sniitlisoniau  building.  Private  citi 
zens  have  subscribed  $10,000  for  an  astro-physical  observatory  under 
the  charge  of  the  Begents^  in  the  hope  that  Congress  would  maintain 
it,  and  the  SmithaoDUbn  Institution  proposes,  in  this  case,  to  contxibnte 
the  most  recent  apparatus  to  the  \-,Mhie  of  >'5,0(M>  moro. 

The  sum  now  asked  is  to  he  applied  to  the  coinpletion  of  the  plant 
and  to  pay  the  ( lu  re.ut  expenses,  including  the  salaries  of  three  assist- 
ants* to  be  engaged  in  researches  of  great  scientiflc  and  economic  value, 
wholly  distinct  in  apparatus,  me&ods,  and  objects  from  the  quite 
otherwise  important  ones  of  tliose  oftlie  IT.  S.  Naval  Observatory. 

It  seems  i)roper  to  state  tliat  the  present  appropriation  is  not  asked 
for  as  an  introduction  to  a  larger  one  later,  but  that  owing  to  the  scale 
on  which  it  is  proposed  to  found  and  maintain  this  small  establish- 
ment, no  larger  appropnation  is  contemplated  as  necessary  for  many 
years  at  least 

He  stated  that  if  Congress  saw  fit  to  make  the  appropriation  asked 
ibr,  even  if  it  did  not  set  apart  a  site  in  the  Zoological  Park  for  the 
observatory,  it  wonld  be  desirable  for  the  Board  of  Begents  to  take 
action  in  aoeordance  with  the  saggestions  made  in  his  estimates  and 
annual  report. 

On  motion,  it  was — 

Jici^<dt  t  (i,  That  if  an  appropriation  should  be  made  by  Congress  for 
the  maintenance  of  <^n  astro-physical  observatt)ry  under  the  direction 
of  the  Smithsonian  Institution,  the  Regents  will  expend  fbr  this  pur- 
pose frr>m  money  already  donated  to  them  $10,000  for  the  construction 

of  bnilflin^'^s  for  said  obsorvatory  whenever  a  suitable  8it<*  shall  be  desig- 
iiate<l  by  Congress  and  obtained  for  the  puri»ns<',  an«1  m  IU  present  to  it 
siutable  apparatus  of  the  most  recent  cousU  uctiuu,  now  iu  their  chargCi 
to  the  value  of  not  less  than  $5,000. 

The  secretary  stated  that  the  following  Dill  had  been  passed  iu  the 
8euate  of  the  United  States  on  the  dth  of  April,  1800: 

AN  ACT  to  proTidn  for  the  erertioti  of  an  ;i<l(i;tional  flnpToof  buildlDg  for  the 

Natiouul  MiiBUUm. 

Br  if  rnaeied  hy  ihr  Senatr  mid  Home  of  Repretienfaiirf  s  of  the  United 
tstaten  of  America  in  Confjy<-Hx  fh^firmhledy  Thnf  for  an  additional  fire- 
proof budding  for  the  use  of  the  Isational  Museum,  three  iuuuiigj^^^j^t^  Google 
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squarei  witli  two  storie8  and  a  basement,  to  be  erected  by  the  Super- 
visiTijT  Architect  of  tho  Tronsiiry,  iindor  the  direction  of  the.  Rop^enta 
ol  the  Hinitbsouiau  Institution,  in  ;;eueral  ac'<^ordance  witli  plans  now 
on  lile  with  the  Committee  on  rnblic  Buildings  and  U  rounds,  on  the 
southwestera  portion  of  the  grounds  of  the  Smithsonian  Institntionf 
there  shall  be  appropriat^^d,  out  of  any  moneys  in  the  Treasury  not 
<)therwis«»  nppropri;jt(*(i,  th('  sum  ol"  tiM'  liuiKlred  thousand  dollars; 
said  buitding  to  be  plact  tl  west  ot  the  SniitliHonian  institution,  with 
ite  north  front  on  a  lino  witli  the  north  front  of  the  present  Museum 
building,  and  constructed  as  far  as  practieable,  after  proper  advertise- 
ment,  by  contract  or  oontracts,  awarded  to  the  lowest  responsible  bid- 
der, and  all  expenditures  for  the  purposes  herein  mentioned  shall  be 
audited  by  the  proper  olficers  of  the  Treasury  Department. 

m 

The  Committee  on  Publie  Buildings  in  the  House  of  BepreaentatiTea 
had  made  on  the  9th  of  January^  1801^  a  &vorable  report  on  this  bill, 
and  it  had  been  submitted  to  the  House  as  follows: 

The  Committee  on  Public  Buildings  and  Grounds,  to  whom  was  re- 
ferred the  bill  (S.274D)for  the  ereetion  of  an  additional  fireproof  bnild- 
in;;  for  the  National  Museum,  submit  the  following  report: 

To  (lenionstrate  tlie  ]>!  essing  necessity  for  additional  ;i('ff>Tnnio<]atioTi8 
for  the  vast  amount  of  materials  which  has  been  accumulated  for  ex- 
hibition in  the  National  Museum  it  will,  perhaps,  be  su£&cient  to  pre- 
sent the  communication  of  the  Secretary  of  the  Smithsonian  Institution. 

It  may  also  be  stated  tliat  in  view  of  acquiring  a  large  quantity  of 
the  exhibit  of  the  World's  Fair  of  1892,  as  was  the  ease  in  the  exhibi- 
tion of  187fi,  such  material  being  presented  by  various  foreign  countries^ 
the  pressing  necessities  are  clearly  demonstrated. 

Tour  committee  therefore  recommend  the  passage  of  the  bill  as 
amended. 


SUITHSOIIIAN  INSMTUTIOH,  IJ.  S.  NATIONAL  MUSEUM, 

Wa^hingtotty  April  Ji>9,  1800. 

iSir  :  T  have  the  honor  to  lay  before  you  certai?!  eonsiderations  set- 
ring  toith  tlio  neeessity  of  an  additional  biiiltling  for  the  National 
Museum  and  respectfully  request  your  attention  to  them  and  your 
recommendation  to  Oon^ss  that  the  money  necessary  for  this  purixwe 
be  appropriated. 

A  set  of  provisional  plans  for  tin'  ])ro])osed  new  Iniihlin^j^  lias  ah-endy 
been  prepared,  and  I  understjiud  that  these  are  in  the  imssession  of 
your  eommittec.  They  have  been  prepared  with  the  utmost  care  and 
rei)resent  the  results  of  exhaustive  study,  which  has  extended  over 
several  years,  ot  the  plans  of  the  best  modern  museum  buildings  in 
Europe  and  Anuriea,  nearly  all  of  which  have  lieen  personally  inspected 
by  offieers  t)t  the  Sniithsouisin  Institution. 

The  proposed  building  will  contjiin  alH)ut  220,(M)0  square  feet  and 
the  net  area  available  for  exhibition  space  and  fur  storage  and  othce 
room  would  be  between  five  and  six  acres.  The  exhibition  space  would 
thus  be  nearly  three  times  as  great  as  in  the  present  buildings,  in 
w^hieh  only  8(),0<>0  square  feet  are  available  botli  for  exhibition  and 
storage  purposes. 

The  total  <  ost  of  the  present  building  w  as  jjs;ilo,4(H»,  including  expen- 
ditures for  8team«heating  apparatus,  marble  iioors,  water  and  gas 
fixtures^  and  electrical  appamtus. 
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The  proposed  building  can,  I  believe,  be  constrncU'd  iit  a  propor- 
tioTvatcly  smiiUer  cost.  1  am  not  prepared  to  statt*  the  exacti^um  which 
would  lie  necessary  for  its  completion;  but,  from  estimates  already  fur- 
nished by  responsible  contractors,  I  feel  sore  that$500,(WH),  if  not  suffi- 
cient to  complete  it,  would  be  all  that  would  be  required  to  be  expended 
dnring  the  present  year,  and  I  would  earnestly  urge  the  desirability  ol* 
appropriatinjj  this  ninonnt  t''»r  the  purp<^se  in  qin'stion. 

The  necessity  for  a  new  Musnim  building  is  caused  by  th«»  large  in- 
crease in  the  accessions  to  the  i^ollectioiis.  lu  i*':^^,  the  lirst  year  of 
active  work  in  the  present  bnilding,  the  Mnseuoi  contained  leae  than 
195,000  specimens.  This  number  has  now  been  increased  to  nearly 
3,000,000  spoci mens,  and  the  inerease  during  the  past  ei<ilit  years  has. 
been  more  than  half  as  large  again  as  during  the  previous  twenty-one 
years.  * 

The  oolleotkins  of  the  Smithsonian  Institntiou  and  of  the  Govern- 
ment are  especially  rich  in  representations  of  the  natural  history  of 
this  country.  A  c^ireful  estimate  niadi'  at  the  end  of  the  last  flscal 
year  sinewed  that  there  were  at  that  time  in  the  zordogieal  collections 
1,H50,721  speeiaiens,  in  the  botanical  collections  48,(xi7  specimens,  in 
the  geological  collections  106,700  specimens,  in  the  paleontological 
coUeetions  172,640  specimens,  in  the  anthropo>logical  collections  651,869 
specimens,  and  in  the  various  ccdlections  illustrating  the  arts  and 
industries  43,540  spe<  nnens.  Siiice  tins  estimate  was  made,  it  is  prob- 
able that  more  than  50,00*)  specimens  of  all  kinds  liave  been  received. 

The  natural-history  i  ollections  include  the  zoological  collections, 
the  botanical  collections,  and  the  geological  collections,  in  which  are 
contained  not  only  all  the  geological  and  mineralogical  specimens,  but 
also  the  greater  jwrtion  nf  tlie  paleontological  material,  the  study  of 
fossil  an  in  r  lis  and  plants  forming  an  essential  feature  of  modem  geo- 
logical work. 

The  anthrotK>logical  collections  illustrate  the  history  of  mankind  at 
all  periods  and  in  every  land  and  also  serve  to  explain  the  devdop- 
inent  of  all  human  arts  and  industries.  There  are  in  addition  consid- 
erable collections  illustrating  the  processes  and  pntdurts  of  the  various 
arts  and  industries,  as  well  as  the  historiciii  coiieciioih^,  ^rhieh  Jire  of 
especial  interest  to  a  very  laige  number  of  the  visitoj  s  io  the  Museuui 
on  account  of  the  asaocialaona  of  the  objects  exhibited  wWtx  the  persenal 
history  of  representative  men  or  with  importaulf  ^ymts  in  the  history 

0f  Americaj. 

It  is  also  aotewoithy  that  among  the  acmssions  of  more  recent  years 
jxiauy  collections  of  great  extent  have  been  re<*ei  ved.  .imong  theseare 
tSie  beqvest  of  Dr.  Isaae  Lea,  of  Philadelphia,  which  contains  20,000 
specimens  of  shells,  besides  minerals  and  other  objecrs;  the  Jeffries 
colhH^tion  of  fossil  and  recent  shells  of  Kuro])e,  inehuliiig  40.()(H)  speci- 
mens; the  Stearns  collection  of  molliisks,  numbering  100,000  specimens; 
the  Kiley  collection  of  inserts,  containing  50,000  specimens;  the  Oatliu 
coUection  of  Indian  paintings,  and  the  collection  of  the  American  In- 
^itute  of  Mining  Engineers. 

In  addition  may  also  be  mentioned  the  extensive  collection  obtained 
at  the  I'isliei  ies  l^xhil»itio!is  at  lierlin  and  London,  at  the  New  <  )r]eans 
Cottofi  <  riiU'uniiil  l^x])osilion,  and  at  the  Ohio  Valley  and  Central 
Stjites  l^jk-ijositiou.  To  these  may  be  adde<l  the  collections  received 
Annnally  from  XT.  8.  Fish  Oonunission,  the  Geological  Survey,  the 
Bureau  of  Ethncdogy,  and  from  many  other  Government  defiartmentH 
^\u\  bureaus.  These  are  very  extensive  and  are  yearly  increasing  in 
^ulk  ajid  vahia. 
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There  is  in  tlio  present  MuHeura  Building  no  exhibition  spiu^e  avail- 
nblo  foi-  the  collection  of  reptiles,  mollnsks,  insects,  maiiTU'  inverte- 
1  Halts,  vertebrate  and  invertebrate  fossils;  and  the  space  now  attbrded 
ior  the  exhibition  of  the  vast  collections  of  fishes,  birds^  eg^prs,  plants — 
fossil  and  leeeiit — and  the  geological  eolleetions,  aggregating  not  less 
than  350,000  Bi»ecimenB,  is  entirely  inadequate. 

In  a  letter  addressed  in  1888  to  the  chairman  of  the  Senate  Commit- 
ter^ on  Public  Bnildings  and  Grounds  I  endeavored  to  demonstrate  the 
remarkable  increase  which  had  characterized  the  growth  of  the  col- 
lections in  the  Kational  Museum,  and  I  there  stated  that  in  the  five 
years  between  1S82  and  1887  the  number  of  specimeDS  in  the  collection 
had  multiplied  no  less  than  sixteen  times.  Since  1887  the  pressure  for 
additional  roon)  1i;vs,  of  eonrse.  gr'own  greater,  and  during  the  last  y<"ar 
it  has  bt^come  necessary  to  decline  many  oft'ers  of  collections  for  want 
not  only  of  exhibition  space,  but  even  of  storage  room  where  they  may 
be  temporarily  cared  for. 

The  armory  building,  which  for  more  than  ten  years  had  been  used 
by  the  Museum  for  storage  ]mrpose.s,  is  now  entirely  orenpied  by  tlie 
U.  S.  Fish  Commission,  with  t  lie  exception  of  four  rooms,  used  by  some 
of  the  Museum  taxidermists,  who  are  now  working  in  very  contracted 
space,  and  whom  it  is  imiK>8sible  to  accommodate  elsewhere. 

Every  space  is  now  filled  to  its  utmost  capacity,  and  no  more  coUeo- 
tions  of  any  considerable  extent  can  be  received  nntil  additional  room 
m  provided  for  their  reception. 

In  a  few  words  it  may  be  stated  tliat  for  exhibition,  st/orage,  and 
laboratory  space  316,400  square  feet  are  needed  insteiwi  of  100,675 
square  feet,  which  now  eonstitnte  the  available  area  for  all  of  these 
purposes. 

Im  coiidnsiou,  I  reaflRrm  without  hesitation  tliat  unless  inlditional 
space  IS  provided  it  will  he  impossible  to  take  any  furtlicr  nnpurtant 
steps  toward  tiie  improvement  of  the  Government  collections. 
Your  obedient  servant, 

S.  P.  LAHaLST, 

Seereiary, 

Hon.  Setii  L.  Milltken, 

Chairman  of  the  Conimittev  on  Public  BuiWings 

and  OroundSf  Houhc  of  Representaiiveit. 

In  view  of  the  probability  of  the  passage  by  Congress  of  the  bill 
providing  for  a  new  building  tor  the  Museum,  it  was^ 

UcHolved^  That  the  hixecutive  Committee  of  the  Board  of  BegRiits,  or 

a  nuijority  thereof,  and  the  Secretary,  be,  and  they  are  hereby,  autho- 
rized and  empowered  to  act  ff>j"  :nid  in  the  nam«^  of  the  Board  nC  T^cgcMits 
in  cjirrying  into  eftect  the  j>ruvi8i<ms  of  any  act  (•!'  Congress  that  may 
be  passed  providing  for  tlic  erection  of  a  new  buildiiig  for  the  United 
States  National  Museum. 

A  memorial  was  rend  from  Doulton  &  Co.,  of  liOiidoii,  Kngland, 
calling  attenlion  t<>  the  deposit  in  the  institntiou  in  1870  of  certain 
articles  of  terra  cotta,  the  ])rincii»al  oiu*  Ikmh":  the  eolos.sal  group 
^'-America,"  a  C(>py  of  «>iic  of  tlie  marble  groups  by  lU'll  on  the  pedestal 
of  the  Albert  Memorial  Motnimcnt  in  Kensington,  jitid  asking  that  the 
Board  of  RcgeiitM  l)e  pleased  to  recomnicinl  to  the  (lovernmciit  that 
an  appropriation  be  made  for  the  purchase  of  the  gomls  now  in  their 
posscssiou.  D^iiized  by  Google 
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Tlie  wliole  subject  bad  been  carefuUy  considded  by  the  Jsixecative 
Couimittee  and  wm  now  subiuitted  to  the  Board  without  reoommeiida- 
tioii. 

After  some  <lis«'ussion  and  iiuiiiiries  by  members  of  the  Board  of  the 
Secretary  aud  Chairman  of  the  Executive  Committee  as  to  the  value 
of  the  articles  as  works  of  art  aud  the  desirability  of  their  acquisitioii 
for  the  lustitutioii,  it  was — 

BcHolvedy  That  the  memorial  of  Douitou  &  Co.  be  le^referred  to  the 
Secrotary  witii  power  to  act^  • 

The  Secretary  stated  that  he  had  been  authorized  by  the  President, 
the  Tioe-Presidenty  the  Chief-Justice^  and  other  members  of  the  Estab- 
lishment to  ask  for  legislation  the  effect  of  which  would  be  to  modify 
tiie organic  act  so  that  the  Establishment"  would  consist  of  these  high 
officials  and  of  all  the  heads  of  Departments. 

The  proposed  change  ...   is  covered  by  the  following  words: 

Be  it  enacted,  etc.^  TliaL  Au  act  to  establish  the  iSmithsouiuu  iii.sti- 
tution  for  the  increase  and  diffusion  of  knowledge  among  men/'  ap- 
proved August  10, 1846;  Eevised  Statutes,  Title  Lxxin,  be,  and  the 
«..8ame  is  hereby,  amended  in  section  5o79  of  said  act,  by  striking  out 
the  words,  "the  Secretary  of  State,  the  Secretary  of  the  Treasury,  the 
Secretary  of  War,  the  Secretary  of  the  Navy,  tlic  Postiiiastcr-Gcucral, 
the  Attorney-General,  the  Comuussioner  of  the  i'ateut-Uflice,  aud  the 
Governor  of  the  District  of  Columbia,  and  such  other  persons  as  they 
may  elect  honorary  meinberK,''  and  inserting  the  words,  <<th6  heads  of 
Executive  Departments,"  so  that  the  section  will  r^  ad: 

Sec.  5570.  The  Picsideiit,  the  Vice-President,  the  rhi(  i  Mustice, 
and  the  heads  oi  Executive  Depiu  tmeutij  arc  hereby  cousLituted  au 
establishment  by  the  name  of  the  <^  Smithsonian  Institution*'  for  the 
increase  and  diffusion  of  knowledge  among  men ;  aud  by  that  name 
shall  be  known  and  have  perpetual  succession,  with  the  powcrSy  limi- 
tations, and  restrictions  hereinafter  contained,  and  no  other. 

The  Secretary  stated  that  in  accordance  with  the  instructions  given 
bim  at  the  last  meeting  of  the  Board  he  had  prepared  the  following 
memoranda  relative  to  tke  re-imbursement  of  money  expended  by  the 
Institution  for  the  Governmental  system  of  exchanges. 

£Muiuorauduui  retativu  to  the  n--iiiil>iirsfnie)it  of  t\m  SuiitlKsouiuu  I'tmcL  for  expendi- 
tures on  urcuiiut  of  (.iovtiruuitnit  excliaii;ie».') 

At  a  me<^tiug  of  t  !ie  Board  of  liegents  of  the  Smithsonian  Institution 
ou  January  8, 1890,  it  was 

Resolved,  That  the  liegents  iustructthe  Secretary  to  ask  of  Congress 
legislation  for  the  repayment  to  the  Institution  of  the  amount  advanced 
from  the  Smithsonian  fhndfbr  Governmental  service  in  carrying  on  the 
exchanges. 

In  pursuance  of  this  instruction  the  Secretary  has  the  houor  to  sub- 
mit the  following  statement: 

ITnder  the  act  of  Congress  accepting  a  donation  from  James  Smith- 
son  for  "the  increase  and  diffusion  of  knowledge  ainongmeu,^  and  giv- 
ing effect  to  this  trust  by  the  foundation  of  t\w  Siaithsoniaii  fnstitntion, 
the  Board  of  iiegents  in  1851  establhibed  a  sy^item  of  iuteruationai  ex- 
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eliaiif^o  of  tlio  Transactions  of  loanuHl  societievS  and  like  works;  ^ut,  in 
aiiditioii  to  such  publicatious,  it  voiuiitiuily  transpoiteil  between  1851 
aud  1867  somewhat  over  20,000  packages  of  publieations  of  the  bu- 
reaas  of  the  National  Government  at  an  estimated  cost  to  the  private 
funds  of  the  Institution  of  alM)nt  !§?8,000.  This  liowevcr  was  understood 
to  be  a  vobmtarv  st  rvic**,  and  no  request  for  ita  reimbursement  has 
been  inade  or  i.s  cuntemplatL'd. 

Congress  however  in  1867,  by  its  act  of  March  2,  imposed  upon  the 
Institution  the  duty  of  exchanging  fifty  copies  of  all  documents  printed 
by  order  of  either  House  of  Congress  or  by  the  United  States  Govern- 
mentor  burean8,  for  similar  works  published  in  foreign  countries,  and 
especially  by  f«»r<'i«,ni  n:overnments. 

The  Institui  ion  possessed  special  facilities  and  experience  for  such 
work,  the  propriety  of  its  undertaking  which,  in  the  interests  fit  the 
Government,  is  evident;  but  it  was  hardly  to  have  been  auUclpated 
that  the  Govonnneiit  should  dirrct  this  purely  administrative  service 
and  make  no  approi)riati«»n  for  its  sui)port.  Such  however  was  the 
case,  aud  with  the  exception  of  a  small  (presently  to  be  noted)  sum,  re- 
turned by  some  bureaus,  it  was  wholly  maintained  during  the  next 
thirteen  years,  or  until  the  first  appropriation  to  the  Institution  for 
Exchanges  in  1881,  at  the  expense  of  the  private  fund  of  James  8mitli- 

SOtl. 

From  January  1,  1868,  to  .luue  30,  1886,  292,48;i  parka^eis  contiiining 
these  official  Government  publications,  having  little  to  do  with  the 
object  to  which  Congress  devoted  the  Institution's  private  funds,  were 
transi)orted  by  the  exchange  bureau  at  a  pro  rata  cost  of  $92,943,96, 
of  which  ^LM»,70(».8.5  a<*crued  betwctMi  1881,  when  the  tirst  specific  np]>ro- 
priation  wius  made,  and  1886.  Ot  tliis  i?0li,94:3.36,  $19,302.35  Wiu§  re- 
tuiued  from  vui'ious  deiiartments  aud  bureaus,  lea\  iitg  a  balance  of 
$73,641.01  expended  in  carrying  exclusively  governmental  publications. 

What  lias  pre<'eded  refers  to  the  transportation  of  otiicial  documents, 
atid  not  to  tliat  <>f  Ti-ansactionsof  1(  nriied  societies  and  other  like  works; 
but  it  is  now  necessary  to  mention  that  in  1878  tlie  honorahh'  Secretary 
of  Stiite  designated  the  Smithsonian  Institution  as  the  special  ageut 
of  the  United  States  Government  for  eanyinff  out  the  provisions  of  an 
international  convention  at  Paris,  which  made  the  respective  Govern- 
ments assume  tlie  cost,  not  only  of  tin;  transiX)rtation  of  official 
documents,  but  of  scientific  and  literary  publieations  between  the 
States  interested,  and  it  would  seiun  that  Congress  itself  adopted  tliis 
view  of  its  respousibility,  for  fnnn  July  1, 1881,  to  June  30, 1886,  wliilo 
the  Congressional  and  bureaucratic  exchange  represented  a  pro  rata 
cost  of  $29,706.85,  and  the  scientific  publications  $39,034.90,  Congress 
appropriated  diiecfly  .*3."), .■>(►(> — somewhat  Tnf>rc  than  the  cost  of  t!io 
Government  excLiange,  'nit  hmvinp^a  balance  of ''S3,a34.90  for  scientilic 
and  literary  exchanges  unpaid.  This  hitter  sum,  $3,534.90,  added  to 
the  $73,641 .<»1  mentioned  above,  makes  a  total  of  $77,175.91  for  which, 
in  equity,  repayment  might  be  requested. 

In  1886,  on  the  15th  of  March,  plenipotentiaries  of  the  T'^'nitcd  States 
and  various  other  nationalities  signed  aconvcMtion.  more  formal  than 
that  at  l*aris,  by  which  the  respective  (rovernnients  iletinitely  assumed 
the  exchange  of  official  documents  and  scientilic  and  literary  publica- 
tions between  the  states  interested. 

The  Institutit)n  jnefers  to  adopt  tlie  latter  dat<i  as  a  basis  for  its  re* 
quest  rather  than  the  earlie?-  dale,  tlmn^li.  as  nieutioned  above,  equity 
would  seem  to  allow  it  the  entire  sum  cxpeuile<I  for  exchaufxes,  at  least 
since  its  official  recognition  b^  (jon^ress  in  1881  a§  the  Goveinmeut 
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exchange  agent.  No  claim  for  thi^  exchange  of  a  purely  scientific 
charaeter  is  made  for  the  years  1881  to  18S(>,  so  that  the  $35,500  that 
Congress  appears  to  have  appropriated  for  this  end  is  treated  as  hav- 
iii*,'  a  retro  active  effect,  and  this  amount  deducted  from  the  criifle  obli- 
gation of  *73,(>41.01  leave  s  !?<'?S,141.01  as  the  amount  due  the  private 
fund  of  Junu's  Smithson  liom  1.SG8  to  1886. 

Considering  sq)ai  ately  the  period  fipom  July  1, 188G,  to  June  30, 1889, 
we  find  that  tlie  amount  expended  in  these  years  under  the  direotion 
of  the  Smithsonian  Institution  on  account  of  international  exchanges 
was  $47,120.56;  of  this  sum  $37,(K)()  wore  paid  by  Ootif^ressional  ai>]>ro. 
priations,  $3,091.75  were  paid  by  (JovemmeutDepartun  iits  andotlieia, 
and  the  balance,  $7j034.81,  by  the  Smithsonian  Institution. 

The  action  of  the  ^ard  of  Regents  contemplates  the  presentation  to 
Congress  of  a  request  to  return  to  the  Smithsonian  I'lirLd  the  sums  here 
shown  to  have  been  expended  in  the  interests  and  by  the  authority  of 
the  National  Government,  namely,  >«38,141.(ll  in  excess  of  appropria- 
tions advanced  from  January  1, 1808,  to  J  une  30, 1880,  for  the  exchange 
of  official  GoTemment  documents,  and  $7,034.81  in  excess  of  appropri> 
tions  from  July  1, 1886,  to  June  30, 1889,  advanced  for  the  purpose  of 
carrying  out  a  convention  entered  into  by  the  United  States,  or  au 
aggregate  of  $45,175.82. 

DRAFT  OF  BILL. 

Be  it  enacted  by  the  Senate  and  ffotm  of  RepresentaHvee  of  ike  WUted 
States  of  America  in  Confjresa  That  the  following  sums  be,  and 

tlie  same  are  licreby,  appropriated,  out  of  any  moneys  in  the  Treasury 
nut  otherwise  appropriated,  in  repayment  of  ntoneys  expended  irom 
the  Sndthsoniau  Aind  in  exchanging  with  foreign  countries  the  official 
publications  of  the  United  States  (Tovernment,  and  in  carrying  out  the 
provisions  of  a  convention  for  the  exchange  of  literary  and  scientific 
publications  signed  by  a  representative  of  the  United  States  at  Brus* 
seis,  March  fifteenth,  eighteen  liundred  and  eighty-Hix,  namely: 

Sec.  2.  For  exchanging  the  official  publications  of  the  United  States 
GoTenuuent  from  eighteen  hundred  and  sixty-eight  to  eighteen  hundred 
and  eighly-six,  as  provided  for  by  resolution  seventy-two.  Fortieth 
Congress,  second  sessif>n,  th*'  snm  <>f  thirty-eight  tliousand  one  hundred 
and  forty-one  dollars  and  one  cent. 

iSiic.  3.  For  exchanging  from  July  first,  eighteen  hundred  and  eighty- 
six,  to  June  thirtieth,  eighteen  hundred  and  eighty-nine,  official  docu- 
ments and  scientific  and  literary  publications,  as  provided  for  by  the 
"convention  between  the  United  States  of  America,  Belgium,  Bnizil, 
and  other  nations,''  concluded  at  hrusscls  March  flfteentli,  ei^xhteen 
hundred  and  eighty-six,  the  sum  of  se\  en  thousand  and  thirty-four 
dollars  and  eigh^-one  cents  in  all,  forty-flve  thousand  one  hundred 
and  seventy-five  dollars  and  eighty-two  cents. 

The  foreg(Mn^^  niemoiaiKia  had  been  placed  in  the  hands  of  one  of 
Regents  in  the  House  of  Repre^sentatives,  to  present  whenever  it  was 
deemed  advisable,  biit  no  a4;tion  ha<l  as  yet,  so  lar  as  the  Secretary 
was  informed,  been  taken. 

The  Se<*retary  informed  the  Board  that  the  executors  of  the  late  Dr. 
Jeronu'  11.  Kiddt  i  1»  id  refunded  ^JlOO  to  the  Instituticm,  which  had 
been  paitl  by  the  latter  for  le<rar services  iu  relation  U*  the  bequest  of 
Dr.  Kidder  to  the  {Smithsoniau,  and  the  family  of  the  testator  tlid  not 
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desire  tbat  ^Hhe  action  of  the  Kegeuts  in  regard  to  the  bequest  should 
be  attended  by  any  financial  bnrdoii  to  tlie  In.stitution". 

The  announcenient  was  made  that  a  lH*quest  of  a  medical  library 
had  been  Tuad*'  to  the  Institution  by  Dr.  Jonathan  K.  Bailey,  of  01m> 
steiwl,  Ky.,  but  the  books  had  not  yet  been  received. 

A  letter  of  thanks  was  submitted  from  Mrs.  Cox,  thanking  the  Board 
for  the  resolutions  transmitted  to  her  in  regard  to  the  death  of  her 
husband,  (lie  late  honorable  Samuel  S.  Cox. 

The  ISe<u  ctary  presented  his  annual  rei)ort  for  the  year  ending  June 
30, 1890,  which,  in  accordance  with  the  instructions  of  the  Board,  had 
been  printe<l  and  distributed  to  the  Kegents. 

On  motion  the  report  was  accepted. 

Dr.  Welling  presented  the  following : 

Whereas,  The  late  (ieorge  Bancroft  was  for  several  years  a  member 
of  the  Hoard  of  Uegeiits  of  the  Smithsdniaii  Iii.stituti<m,  and  rendered 
useful  service  on  its  <  \<'(  utive  committee;  Tiierd'on',  he  it 

Rei>olve(ly  That  wiiiie,  for  obvious  reasons  of  [m)[»riety,  we  should 
abstain  at  this  time  and  in  this  place  from  any  fidlor  formal  commemo- 
ration of  the  manifold  titles  to  distinction  which  clustered  around  the 
head  of  our  late  illustricms  colleague,  we  can  not  forbear  from  testitying 
the  special  gratitude  we  owe  to  him  for  the  interest  he  ever  took  in  the 
welfare  of  this  Institution,  nor  can  we  lorbear  from  associatinji  our- 
selves with  the  grief  of  his  fellow-citizens  tliroughout  the  length  and 
breadth  of  the  land,  now  that,  In  the  tUIlness  of  his  years  and  in  the 
tidiness  of  his  honors,  he  has  been  called  to  rest  from  the  labors  which 
iMought  to  him  sn<  li  a  rev<Mnie  of  fame,  alike  in  the  walks  Of  high 
executive  administration,  of  diplomacy,  and  of  Uteratoie, 

The  resolution  was  adopted  by  a  rising  vote. 
On  motion^  the  Board  then  adijoamed  sine  dk» 
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OF  THE  SMlTHSiJiNlAN  INSTITUTION. 

FOR  TBE  TEAR  SNDINO  iXTSZ  M. 


To  the  Board  of  RegenU  of  the  Smithsonian  Institution: 

Yoiir  executive  coniuiittee  res|>e('tftilly  submits  the  loliowiiifr  report 
in  relation  io  the  funds  ot  the  Institution,  the  appropriations  by  Con- 
gress, ;m(l  the  reveipts  and  expenditures  for  the  Smithsonian  Institution,  - 
the  U.  S.  National  Museum,  the  International  I^\ehan<^es,  the  Bureau 
ol'  lOthuolo^y,  tho  National  Zo()logical  Park,  tlic  purcliasu  of  tho  Per- 
kins collection  of  prehistoric  copper  implements,  the  payment  to  (lau^h 
ters  of  the  late  I'rot.  Joseph  Henry,  and  the  piurchaso  of  the  Capron 
collection  of  works  of  Japanese  art,  for  the  year  ending  ^Oth  J uue,  1891, 
and  balances  of  former  years. 

SMITHSONIAN  INSTITUTION. 

Condition  of  the  fund  July  1.  J891. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the  Treas- 
ury of  the  United  States,  aceordin^r  to  act  of  Congress  of  August  10, 
lKir>.  was  8'">15,169.  To  this  was  added  by  authority  of  Cou^^ress  Feb- 
ruary S,  ISO 7,  the  residuar\  h'<(acy  of  Bmithson,  savings  from  income 
and  other  sources. to  the  amount  of  $13l,8.'n. 

To  this  also  lias  been  added  a  be(ju('^t  tV<»?M  riames  Hamilton,  of  PenTi- 
sylvania,  of  1.000;  a  iM'quest  of  Dr.  fSimeon  ilabel,  of  New  ¥oi  k,  of 
$500.  and  the  proceeds  ot  th«'  sale  of  Vir^^inia  bonds^  $51,500,  making 
in  ail,  as  the  permanent  bmithsuu  fund,  $703,000. 

Statement  of  ih«  r«eHpto  and  erpendituret  f^nm  July  1,  J890,  to  Jun&  SO,  1891, 

Cftsh  on  band  July  1, 1890,  inclnding  cash  from  cxn  utorH  of 
Dr.  Jerome  II.  Kiddor,  $5,000,  and  from  Dr.  Alex.  Graham 


Bell,  for  fuitio>phjsiciil  Twenreb,  95,000  (30^102.65 

Interott  on  ItindJnly  1,1800  $21,090.00 

Interesl  on  fand  January  1, 1801   21 .  (m.  no 

  42, 180.  (K) 


72,373.06 

Cash  from  sales  of  publications   418. 36 

CMh  from  repaymonts  of  fteight,  etc   6, 344. 01 

  0^702.87 


Total  Tooeipti 


79,136.02  ^ 
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BXrKNDITirRKg. 

Building : 

RepaiiBf  issae,  and  improTementB   $1, 972*  71 

Fucnitnie  and  flxtama   887*  36 

  i2,8l0.07 

Q«iier&l  expenses: 

Meetings....   319.0D 

Postage  and  telegraph   325. 70 

Statiom<ry   412.63 

(JiMtoial  jirintiiig   T:')!*.  51 

incuieuliilH  fuel,  gas,  etc.)   2,274.36 

LSbTary  (books,  periodicals,  vU-.)    1, 660. 87 

Salaries*   18,822.21 

  24,674.78 

Publications  and  research: 

SuiitliHoiiiuu  (Juntribntions   318. 82 

Ifiseellaneona  CoUeetions   1, 429. 44 

Beports   1,917.29 

Reeearches   800.00 

Apparatus   3, 612. 15 

Explorations   57.40 

Museum   871.03 

ZoSlogical  park  1       490. 42 

  S,  805.85 

Literary  and  scientific  exchanges   3, 382. 21 

Total  expenditniw  $39,072.91 

Balance  unexpended  Jnne  30, 1891   40, 062. 11 

The  cash  received  IVoia  sales  of  ]>Til)lications,  repayments  for  freight, 
et€.^  is  to  be  credited  on  items  of  exx>euditure,  as  follows: 

stationery   $2.56 

PostatTf  and  telegraph   28 

Generui  printing   75 

InoidentalB   638*  68 

Salaries   1,685.96 

Smithsonian  coutributioQS...   25 

Miscellaneous  oollectiooa   310.25 

Keports   43.86 

 418. 36 

App«ratus   111.  60 

Museum   733.  21 

Exohaoges   3,871.07 

 $6,762.37 

The  Det  expenditures  of  the  Institution  for  the  year  endiog  June  30, 
3891,  were  therefore  $32,310.54,  or  $6,762.37  less  than  the  grow  expen- 
ditures, $31)«072.91,  above  given. 

All  moneys  received  by  the  Smithsonian  lustitutioa  firom  interest, 
sales,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are  de- 

*In  additiuu  to  the  above  118,322.21  paid  i'or  salaries  under  general  expensee, 
$1,718.44  were  paid  for  services,  vie,  $1,000.08  fiwn  the  building  account;  $470.04 
from  the  library  account;  $10  from  the  exohange  account;  and  $233.82  from  the 
Smithsonian  Contributions  account. 
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posited  with  the  Trcasiiror  uf  the  ( <  iiited  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
on  Uie  Treasurer  of  the  United  States. 

Your  committee  also  prenentn  the  followinj^,^  statements  in  regard  to 
appropriations  and  expenditures  for  objects  intmsted  by  Congress  to 
the  care  of  the  Smithsonian  Institution : 

lMIJiK:«iATi02iIAL  £Xt!HAMO£S. 

AppropriAdon  by  C<mgteM  for  the  fiacAl  year  ending  June  30,  1891,  "  for 
expenaeeof  fheayatom  of  internfttioiuil  excbangeA  between  the  United 
8tat«8  aud  foreign  conotricM  under  the  direction  of  thu  Smithmnian 

In<(titutiou,  itu'Indin^  saLiricH  nr  <-f>Tri|><<!mation  of  all  necoMaiy  em- 

ploy(S«"  (siwUry  oivUact,  August  30,  iUdO)  «...  917^000.00 

Expendiinrtt  from  Jul^  /,  IHHO,  to  Juhv  30,  lSi)L 

« 

SalarieA  or  compensation : 

1  nirator  12  months,  at  $208.33    489.96 

1  clerk,  7  months,  ut  $1.'}0   $1,  00 

5  montha,  at  $160   800. 00 

 1,860.00 

1  olerky  3  months,  at  $110   330. 00 

9  months,  at  $120   1, 080. 00 

  1,410.00 

1  clerk,  3  months,  at  $80   i'4U.  UO 

9  months,  at  $86   766. 00 

  1,005.00 

1  clerk,  3  nu.nths,  nt  *7r.   ^5. 00 

9  moutho,  at  $80   720. 00 

  945.00 

1  clerk,  13  months,  at  $15   900. 60 

1  elerk,  3  months,  at  $70   210. 00 

9  montha,  at  $75   675. 00 

  885. 00 

1  stouognipber,  12  montha,  at  $45    540. 00 

1  clvrk,  9  months,  at  $55    495. 00 

1  copyist,  3  months,  at  $95   165. 00 

Omontha,  at$45   900.00 

  Am.  00 

1  copyist,  13  (lays,  at  #1.50   19.50 

1  copyist,  10  daya,  ut  $1   10. 00 

1  packer,  12  months,  at  $75   900. 00 

1  packer,  12  months,  at  $50   900. 00 

1  IslwMr,  3  months,  at  $45   ir>  no 

9  months,  at  $60     4.'>o  imi 

  r.H.^..  00 

1  agent  ((iermauy  >,  0  mouths,  ui  $83.33|   5()0. 00 

1  agent  (England),  6  months,  at  $il.66|   260. 00 

6 months,  at$80   800,00 

  660.60 

Total  salaries  or  oompeusatiou   14, 159. 46 
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General  expenses: 

FE«iglit  n»296.3$ 

pMking  bozM   758. 16 

Printing  and  binding   189. 06 

Postage     184.58 

Stationery  and  8ni>uli«-8  ...»   410.42 

  $2,840.54 

Total  expendiiureH  international  exchangt'M   17,  (KM).  00 


NORTH  AMERTOAIf  BTHN01.0GY. 

Approy<ri!itlon  ]>y  Congress  fi>r  tin  fisfal  year  ondiug  .June  ISHl,  '*  for 
continuing  ctliiwlofjical  rcsciirclu's  nuiong  the  Aiii<  ii<"ui  Iiidinns,  uiulor 
llie  direction  of  thf  Siuith.soniua  Institution,  im^Iiuling  Hulariett  or  « om- 
p«nmti«m  of  all  nec«8Bary  (>iuployd8  **  (sundry  civil  act,  Angnat  30, 1890) .  $40, 000. 00 

Bftlanoe  Jnly  1, 1890,  as  per  last  annoal  report   12;  083, 08 

5a»083.08 

The  actual  conduct  of  these  iiivostigjatious  lias  been  continued  by  the 
Secretary  in  the  hands  of  M^.  J.  W.  Powell,  Director  of  the  Geological 
Survey. 

EUmologff:^Exp«HdUiire9  Jutjf  A  1890,  to  Jkm  SOj  S89U 


Salaries  or  fornpensatiun : 

2  ethnoiogittU,  at  $3,000  per  annum   000. 00 

1  arehaologist,  at  $2,.500  i>or  annum,  10  months   2, 166. 60 

1  ethnologist*  at  62,400  per  annum   2, 400. 00 

1  ethnologist,  at  $2,400  per  annnu,  2  monthfl   400.  00 

1  arrlupolngist,  nt  !f2.4f>0  jior  nnnnm,  2  months   JOO 

1  ethnologist,  at  ^2,000  ptrir  annum.  10  months   1,600.00 

1  ethnologist,  at  11,800  per  anuiuu^  2  months   300. 00 

1  ethnologist,  at  61,800  per  annum   1, 800. 00 

1  ethnologist,  at  $1,800  per  annum,  11  months   1, 050. 00 

1  assistant  ethnolorrlst.  at  |l,><nO  per  riTinnm,  Ti  mnnths   75(1.  (X) 

1  a.ssistftnt  archwologist,  iit  iiil,5(H)  pt  r  anniuu,  2  nidiitliM. ..  2r»0.  (K) 

1  a-ssistant  ethnologist,  at  $1,500  per  annum,  10  months  .. .  1,250. 00 

1  assistant  ethnologist,  at  $1,400  per  aiinum,  2  months  ....  233. 32 

1  assistant  ethnologist,  at  61,400  per  annum,  10  months  ...  1, 166. 60 

1  assistant  ethnologist,  at  $1,400  per  annum,  10  months  ...  1, 166.60 

1  aHsistant  ethnol<»gisf ,  at  $1,200  per  annum,  2  months  ....  2nn  no 

1  assistant  ethnologist,  at  $1,200  per  annum   1, 2tKt.  (xi 

1  iiHsistant  ethnologist,  at  $1,200  per  annum,  9  months  ....  950. 00 

1  assistant  ethnologist*  at  $1,200  per  aunmn,  2  months  ....  200. 00 

1  stenographer,  at  $1,200  per  annum,  10  months   1, 000. 00 

1  stenopraplier,  at  $1,000  per  ainmm,  2  months   Kifi.  r.() 

1  aNsistaut  ethnologist,  at  $1,2(K)  per  annum,  2  months  ....  2(X>.  (Hi 

1  assistant  ethnologist,  at  $1,000  per  annum,  8  months   OHO.  64 

1  assistant  etimologist,  at  $900  per  annum,  2  months   150. 00 

1  assistant  ethnologist,  at  $900  per  annnm   800. 00 

1  ethnologic  aid,  at  $900  per  annum,  2  months   ii>0.  oo 

1  copyist,  nt  JtnOO  y»or  ftnrnini   900.00 

I  eopyint.  at  ."fiMXi  p,  r  aminiii.  10  inoiitlis   750,00 

1  copyiKt,  at  $720  prr  atiiiiini,  2  nioiitl).<i   120.00 

1  copyist,  at  $720  per  annum   720. 00 
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Salaries  or  compousation — Cootinned. 

1  modfiUer,  at  $720  per  amram   $720. 00 

1  modeller,  at  $720  p«r  Mumm,  10  months   600. 00 

1  mo(lell«  r,  at  $GO0  per  nnnum,2 movitbs   KX).  00 

1  clerk,  at     m  »  por  annum   tiOO.  00 

1  clerk,  at  $600  per  annnm,  11  months  24  ilays   590. 00 

1  tnenenger,  at  $600  per  ammm,  8  months  7  days   411. 29 

1  modeller,  at  $480  per  annimi,  10  months   400. 00 

1  nicsHonp  r.  at  $4^  per  annnm^  3  montlis  8  days   13-1. 51 

Uuclaasified  or  special  jobs  or  contracts   271. 41 


Total  salaries  or  compenaation  $3^  710.28 

lliscellaneons : 

TraveliTif^  oxpfnsefl   1^354.76 

Transportatiou  ol"  pniporty   290. 20 

Field  HubsUtenco   115.16 

Field  supplies   310.71 

Field  supplies  for  distribntion  to  Indians   98. 64 

Field  material   .30 

L?i)M.ratory  material  ....     32.  26 

Book.s  for  library   352. 16 

Stationery  and  drawing  material   309. 00 

ninatratioiui  for  reports   840. 86 

Offloa  fomitore   439. 96 

Offir(>  supplies  and  repairs   1^.  41 

Specimens   174. 10 

  5,606.91 

Totril  f»x]»OTi(Hturos   3"t,  2H>.  14 

Boml»  «l  luilro.'id  accounts  settled  by  United  States  Troa-snry   12.  70 


Total  expenditure  North  American  etlmology  8^  25S.  S4 


Balance  Jnly  1,1801   12,774.84 

Exju  ndttnrt 8  itvlaitgijied  by  tubject-matter, 

Si{ni  lanfjnago  nm\  pirtnrB  writinp   4,654.40 

Explorations  ol  niountlK,  uaHtern  portion  of  United  States   4, 97*i.  M 

Reaearehea  in  archeology,  soathwestem  portion  of  the  United 

States   8,497.88 

Researches,  languages  of  North  American  Indians   12, 412. 73 

Salaries,  oflu-c  of  Dir.-ctor   4.  202  4H 

Illnstratmiis  for  rp]M)rls   XiO.  li'i 

Kesearclics  aiucni;;  the  Pueblos   1, 000. 00 

Conting*' lit  expenses   2,629.60 

 89,210.14 

Bonded  railroad  acconnts  settled  by  United  States  Treasury   42. 70 


Total  expenditure  North  American  ethnology   39,868.84 


Balance  Jnly  1, 1891    12, 774.24 

SIMMARY. 

July  1,  1890:  Balance  on  hand   12, 033. 08 

Appropriation  for  North  American  ethnology         40^  000. 00 

  52, 033. 08 

Expended....:   39, 258. M 


Balance  on  hand  Jnly  1, 1891    12, 774. 24 
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Which  Italanco  in  (1o]ioHito<l  aa  follows: 

To  iToHit  of  flishiirHing  agciitH  Jf^j,  (T»(>.  91 

lu  tlwj  UuiVcd  J?taU!i*  Ti^suiy   6, 707. 30 


B«luice  on  hand  July  1, 1881   12, 774. 

NATIONAL  MrSEUM. 

PRBSBRVATION  OF  CUI.LRCTTIOX8.  JULY  J,  ISM,  TO  jrKB  SO,  IBBl. 

AppTOpriation  by  Congross  for  tho  fiHcal  year  ending;  .7iin«'  rU),  1891,  "for 
coiitlnuiii^^tlu*  pr*>st  rv;it  iiiu,  cxlitbitioTi,  mtuI  incrpriHr  of  ihv.  eolloctioiiH 
from  tho  Hiirvoying  and  t^xplm  iitg  ex]>e<litioiiH  ot  the  Ctovernuiout,  imd 
from  other  sonrces,  inclndiug  salaries  or  couip«uiUitiou  of  all  necessary 
employes"  (sundry  oivllact,  Attiriist  30. 1880)  $14(^000.00 

Salaries  or  compennation. 

Direction: 

.  1  Assittant  Beeretary  of  tiie  Stuithsonian  Institution,  in  charge  of 

the  U.S.  National  Muaeam,  12  months,  at  9333^   099. 96 

Scientitic  staff: 

1  curator,  12  inontJis,  at  m>0    2,  400. 00 

1  cumtor,  12  mouths,  at  $200    2, 400. 00 

1  cnrator,  12monthSfat9200    2,400.00 

1  oarator,  13  months,  at  $175   %  100. 00 

1  cnratdr.  12  luouths,  at  .$175    2, 100, 00 

1  enrator,  12  months,  at  f  ino   1,  noo.  00 

1  curator,  2  monthB  and  14  tla.vH,  at  sfiriO   .^70.00 

1  curator,  12  mouth«,  at  $100   1, 200.  OO 

1  acting  curator,  9  montha,  at  $150   1, 860, 00 

1  acting  enrator,  12  months,  at  $125   1, 500. 00 

1  assiHtant  curutor,  12  mouths,  at  ^l.'W.Ii:^   1,600.86 

1  nssintant curator,  Imimth, at  $1  IS.. '>:i ;    moiitlt';.  at  $115.3:^ ;  1  rnnTith, 
at  $113.33;  1  month,  at  $142.33}  1  iiiouili,  at  $i3i».33j  1  month,  at 

$137.33  ;  6  months,  at  $133.33   1, 667. 96 

1  assistant  curator,  3  months,  at  $125;  1  month,  at  $50   425. 00 

1  assistant  curat<»r,  12  montliH,  at  $100   1,  200. 00 

1  assistant  curator,  0  months  and  25  days,  at$UO;  2 months,  at $100.  1, 152. 90 

1  assistant,  2  monthn.  ru    300.00 

1  asaistaiit,  4  months,  at  $80   320.00 

1  assistant,  5  months,  at  $66   825  00 

1  aid,  12  months,  at  $80   960  00 

1  aid,  12  months,  at  $80   WO  OO 

1  aid,  12  months,  nt  $75   900.00 

1  aid,  1  m<mtli,  at  ^T.'i   75.00 

1  aid,  12  months,  at  $65    780.  OO 

1  aid,  1  mouth,  at  $60   60. 00 

1  aid,  5  months  and  18  days,  at  $60   236.00 

1  aid,  7  m(mths  and  14  days,  at  $60   4 IX.  00 

1  aid,  2  months,  at  $50   ItHl  IM) 

1  aid,  2  muntbs  and  20  days,  at  $40   1 13. 55 

1  aid,  9  months  and  20  days,  a  t  $40    386. 67 

1  aid,  4  tttontha,  at  $40   100. 00 

1  collector,  3  month.s,  at  $200    600.00 

1  collector,  12  months,  at  $100   1,800.00 

1  collector,  9  luouths  at  $80   720. 00 


32.410.04 
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Clerical  staii: 

1  chief  clerk,  12  months,  at  $175   $2,  KKi.  (HI 

1  corre8poa<Uug  vlerk,  12  uionthB,  at  $158.33   1, 899.  % 

1  regirtiw,  13  months,  at  $158.83.   1, 899. 96 

1  disbursing  clerk,  12  months,  at  $100   1, 200. 00 

1  draftsman,  12  months,  nt  $8:?  33   999. 96 

1  assistant  draftsman,  12  mnutlis.  at  :f40   480, 00 

1  clerk,  10  mouths,  at  $125;  2  numtlix,  at  $100   1, 450. 00 

1  elerky  12  months,  at  $115   1, 380. 00 

1  A«A,  12  montba.  at  $116   1. 880. 00 

1  clerk,  12  months,  at  $100   1,200.00 

1  clerk,  It?  !Ti(>fitl>«*,  nr  tl^O   1,  OKi*  \H) 

1  clerk,  11-'  niuutlis,  at  itlH)   l.d^o  (Hi 

1  clork,  12  mouths,  at  $83.33   «<JD.  M 

1  elork,  8  months,  at  $85 ;  4  montlu»  at  175   980. 00 

1  clerk,  12  months,  at  $75   900. 00 

1  clerk,  12  months,  at  $70    840. 00 

1  clerk,  11  months  and  18  days,  at  $00    696. 00 

1  clork,  15  (lays,  at  $(><)   29. 03 

1  clerk,  12  mouths,  at  $ti0    720. 00 

1  elork,  12  months,  at  $00    720. 00 

1  clerk,  8  months,  at  $55 ;  4  months^  at  $50   6W,  00 

1  clerk,  12  months,  at  $55    660. 00 

1  clerk,  11  months  aixl  29  days,  at  $55  »   Tv.^  17 

1  clerk,  12  months,  at  $50   60»).  i>0 

1  elerk,  12  months,  at  $50    600. 00 

1  stenogiaphsr,  10  months  and  25  days,  at  $50   640. 32 

1  ^pewriter,  12  months,  at  $60   800. 00 

1  trpewriter.  11  days,  at  $00   _ .  _   21  29 

1  copyist,  10  mouths,  at  .f 2  mouths,  at  $40   68^1  0<! 

1  copyist,  12  mouths,  at  $55   6tk).  UU 

1  copyist,  12  months,  at  $60  ^   600. 00 

1  copyist,  12  months,  at  $50   600.00 

1  copyist,  12  months,  at  $50..   600. 00 

1  copyist,  12  monthfi.  itt  *'.o  .1   60(1.  00 

1  copyist,  12  motitlis,  at  $45   r>10.  0<^ 

1  copyist,  12  mouths,  at  $^10    480. 00 

1  copyist,  12  months,  at  $40   480. 00 

1  Gopyitt,  11  months  and  16  days,  at  $40   460. 65 

1  oopyist,  27  dajrs,  at  $10   3.'?.  55 

1  copyist,  8  mn  1)11  m  atxl    'lays,  at  $40.   322.58 

1  copyist,  12  mmitlis,  at    420.  (K) 

1  copyist,  12  months,  at  $35    420. 00 

1  oopyist,  1  month  and  88  days,  at  $30   62. 62 

1  copyist,  12  months,  at  $30    360. 00 

1  copyist,  12  months,  at  $80   860. 00 

1  copyist,  1  mouth,  at  $30   30. 00 


34,0G3.95 

Vkspatators: 

1  artist,  12  months^  at  $110   1, 390. 00 

1  photographer,  12  months,  at  $168.83   1  >1>n.  96 

1  taxidermist  12  months,  at  $125    1. 50<i.  on 

1  taxidoHTiist,  12  innntbH,  at  $120    1,440.00 

1  tajLidenmat.  Li.  moutha,  at  $80   960. 00 
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I  'reparatora — Cont  i  n  1 1 1  ( I . 

I  taxidenniat,  12  months,  at  $G0    *720.00 

1  ttMiilttiit  tosidennut,  12  monthft,  at  $60   720. 00 

1  asaistimt  tftxidemiiBt^  3  montlu,  at  $10   120. 00 

1  preparator,  11  months,  at  $100   MOO.  00 

1  preparator,  12  months,  at  $80   Si>0. 0(> 

1  preparator,  12  months,  nt  $75   900.  UO 

1  preparator,  12  months,  at  $00   720.00 

t  preparator,  92  days,  at  ^   51. 02 

1  preparator,  100  days,  at  $3   570. 00 

1  preparator,  15  days,  .if  -fli.i'O   48.00 

1  :isHistaiit  preparator,  1  iiioiitli,  at  1  inoiitii.  at  $.">!•;  1  nutnth,  at 
$57. 5u;  1  month,  at  $57;  1  mouth,  at  $5(>.50;  1  month,  at  $55.50;  1 
month,  at$56 ;  1  moDth,  at  $62 ;  1  month,  at  $49;  1  month,  at  $47.50 ; 

1  month,  at  $45  1;  month,  at  $44   6U.  00 


13,673.58 

Buildhifts  and  labor: 

1  aupcrintcndent  of  l)iiil(lingH,  12  months,  at  $i;»7.50    1,  650.00 

1  assiataut  superiutendeut  of  buildings,  12  months,  at  $00   1, 080.00 

1  chief  of  watoh,  13  months,  at  $60   720. 00 

1  ohief  of  watch,  12  months,  at  $60   720.  OO 

1  wati  hman,  12  months,  at  $50   GOO.  00 

1  watchman,  12  mouths,  at  $50   000.  00 

1  watchman,  12  mouths,  at  $50    60t.».  OO 

1  watchman,  12  months,  at  $S0   600. 00 

1  watchman.  12  mouths,  at  $.')0    600.  OO 

1  watchman.  12  months,  nt  *r>0    600.  OO 

1  watchman.  12  ujuuths,  at  $«i5    780.00 

1  watchman,  12  months,  at  $50   600. 00 

1  watchman,  12  montha,  at  $60   600. 00 

1  watchman,  12  months,  at  $50   600.  OO 

1  watchman,  12  months,  at  $.50    600.  00 

1  waf.  luimu.  12  months.  at$30   cm  m 

1  watchman,  8  months,  at  $50   4(H>.  W 

1  watchman,  11  mouths  and  27  days,  at  $50    593. 55 

1  watchman,  10  months  and  47  days,  nt  $45   518. 23 

1  watchman,  11  months  and  28  days,  at  $45    637. 00 

1  watchman,  4  mouths,  at  $50;  5  months  and  90  days,  at  $45   555.  R'V 

1  watchman.  0  nnniflis.  at  $40   3UU.  CO 

1  skilled  laborer,  12  months,  at  $50   (KM>.  oO 

1  skilled  laborer,  7  months,  at  $50;  3  months  and  62  days,  at  $40;  10 

days,  at  $2   208.26 

1  skilled  laborer,  7  moulh.s,  at  $.'>()   350. 00 

1  skilled  laborer.  KWi  flays,  at  $2   212.  00 

1  skilh'd  laborer,  5  months,  at  sM5;  27  days,  at  $1.50    265.50 

1  skilled  laborer,  4  UHMiths,  at  $-15;  2  mouths,  at  $^i4>.50;  1  month, 

at  $62.60   226.50 

1  skilled  laborer,  Sa  days,  at  $2   104. 00 

1  skilled  laborer.  2  months,  at  $45   JK).  00 

1  laborer.  0  months,  at  $46 ;  3  mouths,  at  $47.50;  3  months,  at  $43. 50 

1  laborer,  315  days,  at  $1.50   472. 50 

1  laborer,  12  months,  at  $45   540. 00 

1  laborer,  12  months,  at  $40    480. 00 

1  laborer,  11*  dajs,  at  $1.60   17. 25 
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Buildings  ami  labor — i'outiaueit. 

1  laborer,  3  mouthy  at  $44.50;  2  uioutbti^at  $4b;  '6  luoutliH,  ut  H'd; 

3  montlw^  at  HUSO ;  1  montli,  at  $47.50   1526. 50 

I  laborer,  24  days,  at  91.60    36. 00 

1  laliorer,  2  nioDtliH,  at  $43 ;  n  Tnontlis,  at  $40;  2  months,  at  141.60. 409. 00 

1  luboriT,  10  mnntbs.  nt  $lii;  2  UlOuUltt,  at  $41.50   483.00 

1  laborer,  12  moulbs,  ut  $40   480.00 

1  laborer,  31G  days,  at  $1.50   474. 00 

1  laborer,  11  months,  at  $40;  1  month,  at  $41.50   481.^ 

1  luburcr,  270  days,  at  $1.50;  1  luoiitb,  nt  $47.50;  1  mouth,  at  $48.. .  609.60 
1  laborer,  6  mouths,  at  $39;  1  month,  at  $37.60;  2  months, at  $40.60; 

2  mouths,  at  $36;  1  mouth,  at  $43.50.  '.   IBS.  00 

1  laborer,  316  days,  at  $1.50    474. 00 

1  laborer,  9  months,  ut  $40 ;  3  months,  at  $41.60   iiU.  50 

1  laborer,  11  months  16  days,  at  $40   460. 64 

1  laborer,  323  days,  at  $1  ."0    484. 50 

1  laborer,  H  umn t lis,  at  f  10 ;  2  mouths,  at  $41.50;  1  month,  at  $33.39.  401. 39 

1  laborer,  201  days,  at  $l.»>0   391. 50 

1  laborer,  27  days,  at  $1.50    40. 50 

1  laborer,  201  days,  at  $1.50   81. 18 

1  laborer,  4 days,  at $1JM>   6.00 

1  laborer,  4  days,  at  $1.50   6. 00 

1  laborer.  1  days,  af  $1.50   6. 00 

1  labort^r,  4  days,  at  $1.50   6. 00 

1  laborer,  3  days,  at  $1.50   4. 50 

1  attendnnt,  12  months,  at  $40    480. 00 

1  attendant.  12  months,  at  $10    480. 00 

1  cleaner,  V2  inoutbs,  at  $30   3G0. 00 

1  cleaner,  12  months,  at  f:^0   00 

1  cleaner,  12  mouths,  at  $30   300. 00 

1  cleaner,  12 months,  at$30    360. 00 

1  cleaner,  313  days,  at  $1   S18. 00 

1  cleaner,  800  days,  at  $1   300. 00 

1  messenger,  4  months,  at  $25 ;  8  months,  at  $35    380. 00 

1  messeugor,  1  mouth  3d  days,  at  $20    43. 65 

1  messenger,  12  mouths,  at  $45    540. 00 

1  messenger,  12  months,  at  $26   SOO,  00 

1  messenger,  12  months,  at  $25    900. 00 

1  messenger,  3  months  20  days,  at  $20   72. 90 

1  messenger,  12  mouths,  nt  $35   IL>0.  (M) 

1  messenger,  12  monlhs,  at  $45   540.  (X) 

1  uiessouger,  4  mouths,  at  $20;  7  months  30^  d:iys,  at  $30   319.52 

1  messenger,  64  days,  at  $20   41. 70 

1  messenger,  8  months  10  days,  at  $25   208. 06 

1  messenger,  8  months,  at  $20   160.  00 

1  messenger,  14  days,  at  $20   i^.  OA 

1  messenger,  79  days,  at  $1. 25   98. 75 


31,837.91 


Special  services  by  Job  or  contract   1, 315. 28 


Total  services   117,300.52 
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SUMMARY. 

Salaries,  preaerration  of  oolleotiooB,  1881: 

Dirot  fion   $3,990.96 

Scieiit i lu-  start"   32, 410. 04 

Clerical  statf   34, 063. 96 

Fnpaniton  18,€73.W 

Buildings  and  lalK»r   81, 837. 71 

Special  or  eontiaet  work   1, 315. 28 

Total  aalarlM  or  oompenaation  $117«900.62 

Miscellancoas: 

Supplies   3,052.32 

Stiitiout  ry  •  -   1  653.  02 

Specimens   6, 211. 40 

Booka  and  periodieals   825. 40 

Ttevel   1,114.78 

Fieicht  and  cartage   l .  862.  .'7 

  14,719.49 

Total  (expenditure  to  Jane  30, 1881,  forpreservation  of  collections, 
1891   132,020.01 

Balance,  July  h  1881,  to  meet  ontstandlng  liabilities   7, 978. 89 

FtTKNTTURE  AND  FIXTURES,  JULY  1,  1880,  TO  JXTSE  M,  IMl. 

Appropriation  1)y  f'onprcss  for  tlip  fiscal  year  enrtiiifj;  June  30, 

1891,  **for  cases,  furuituro,  lixturea,  anfl  appliaiicuH  required 

for  the  t5xhibitiun  aud  sale  keex)iiig  of  tho  collectiuns  of  the 

National  Museum,  including  salaries  or  compensation  of  all 

necessary  employ^  "  (sundry  civil  aot,  August  80, 1890)    f98^  OOO.  00 

Salaries  or  compensation : 

I  engineer  of  property,  6  months,  at  $176;  6  raontlis,  at  $150.  $1, 950. 00 

1  clerk,  12  mnnthis,  nt  $75    900. 00 

1  copyist,  8  mouths,  at  $G0;  4  mouths,  at  |55    700.  OO 

1  cabinetmaker,  299  dayu,  at  $3    897. 00 

1  carpenter,  1  month  10  days,  at  $81   120. 36 

1  carpenter,  313  days,  at  $3   9S8l00 

1  carpeut^T,  313  days,  at  $3    838.00 

1  carpenter,  313  days,  nt  $:i   839.00 

1  carpenter,  'Mli  days,  tit  $3   923. 2& 

1  carpenter,  156^  days,  at  $3   409. 50 

1  carpenter,  188^  days,  at  $8   560. 50 

t  carpenter,  70J  days,  ;if  |3   211. 50 

1  carpeiiti  T,  28  days,  at  $3 ......   84. 00 

1  carpenter,  19  days,  at  $3   57. 00 

I  carpenter,  36  days,  at  $3   1U8.  OO 

1  painter,  12  months,  at  $06   780. 00 

1  skilled  laborer,  813  days,  at$3    636. 00 

1  skilled  laborer,  256i  days,  at  $3  ,  513.  00 

1  skilled  lalmror,  2091-  days,  at  $2  .  -   418. 50 

1  skilled  laborer,  4  months,  at  .$50    200. 00 

1  skilled  laborer,  5  months,  at  $50   250. 00 

1  skilled  laborer,  3  months,  at  $45;  1  month,  at  $46.60;  1 

niontli.  at  $49.50    231.00 

1  skilled  laborer,  8 montlia,  at  $16;  1  month,  at  $48;  1  month, 
at  $46.50   464.60 

Digitized  by  Google 


BEPORT  OF  THE  EXECUTIYL  CUM.\iIiTi:Ji. 


XXXI 


8alnrio8  or  compensation — ContioQed. 

1  laborer,  2  montli<<,  at  fin  ,   iKO  fM) 

1  )aboi-er,  2  mouth.s,  at^U)    80.  tX) 

i  laborer,  3  ntuuths,  ui  i^r»^  Hi  «Uy&,  at  $ij>0   256.50 

1  lAboMT,  802  days,  »t  $1,75   528.  »> 

8p«Qial  or  eontract  senrioe   19. 00 


Total  expenditnre  for  salaries  or  comii«nsatiou  $14,212.52 

Miscellaueoas,  materials,  etc : 

Exhibition  cases   1,295.00 

DwigM  and  dn  wings  for  eases   36.00 

Dtaweis,  trays,  boxes   448. 06 

Frames^  stands,  etc   330. 52 

Glass   954. 56 

Hardware  and  fittings  for  cases   707. 13 

Tools   78.07 

Clotti,  cotton,  etc   106. 03 

GlHBsjam   61.92 

Lumber   1, 3<5I.05 

Paints,  oils,  and  bruHhes   r>(>5.  40 

Office  furniture   5^*.  22 

Tin,  lead,  and  netals   268. 46 

Bnbber  goods   106. 04 

Iron  brackets   87. 10 

ApparatiiH    84.50 

Travelliug  expenses   5. 00 

Plumbing   14. 24 

— 7, 096. 94 


Total  exprnditnre,  July  1, 1880,  to  June  SO,  1891,  tor  Aimiture  and 

fixtores,  1891   21,309.46 


Balance,  J  uly  1, 1891,  to  mast  ontstanding  liabilities   8, 690. 54 


inU.TIKO,  UOHTIKG.  BLKCTBIC  AND  TBLBPHOlHtC  BBRTICX,  JULY  1.  MO.  TO  JUNE 

as,  im. 

Appropriation  by  Congress  for  the  fiscal  your  ending  June  30,  1891,  •*  for 
oxpenseof  heating,  lighting,  electrical,  telegraphic,  and  telephonic  serv- 
ice fiw  the  National  Museum"  (sundxy  civil  act,  AagnstSO,  1600}  ....  |13,000>00 


Salaries  or  compensation : 

1  enginew,  7  months,  at  $115   6805. 00 

1  tfxeinan,  12  months,  at  $50   600.00 

1  Arenian,  12  months,  at  $50    600. 00 

1  fireman,  10  months.  59^  days,  nt  $50   597.  r,(; 

1  fireman,  9  mouths  5  days,  at    458. 33 

1  fireman,  8  months  15  days,  at  $50    434. 19 

I  fireman,  1  month  14  days,  at  660    72. 68 

1  telephone  clerk,  12  months,  at  J^JO   720. 00 

1  assistant  t<-lophone  clerk,  12  months, at  935   420.00 

1  laborer.  22^  (lays,  at  $1.50   339. 1*0 

Speciul-Hervicc  contract   48.25 


Expenditnre  for  salaries  5»0»4.U1 
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General  expeuaea: 


Heating  repalii  and  work,  heating  Hni)plie8   448. 86 

Ttarel   5.43 

 16.072.76 

Total  expenditares,  July  1, 1890,  to  June  dO,  1891,  for 
lieating,  lightiDg,  etc   nh  ir.7.  BR 

Balance^  July  1, 1891,  to  meet  ontetanding  liabilities   842. 34 

POSTAGK.  JULY  1,  H>  Jl  NE  M,  1891. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1891,  '*  for 
postuge  Btauii>8  and  foreign  poKtal  canls  lor  the  National  Museum'' 
(sundry  civil  act,  August  30,  1890)   $000. 00 

City  poat^fflce,  for  jpoatage  and  postal  cards   600. 00 

Apptopriatioii  all  expanded  July  1, 1891. 


ntlNTlNG.  JULY  1,  1800,  TO  JUNE  30,  1891. 

Appropriation  by  Congress  fur  the  fiscal  year  ending  Juno  30,  1891,  "for 
printing  labels  and  blanks  for  the  useof  tiie  National  Mnseum,  and  for 
'Bulletins'  and  annual  volnmes  of  the  '  Proceedings' of  the  Kational 


Museum   10,000.00 

Bulletins  Nos.  Hfi.  38, 39;  Special  BiiUettn  No,  1  $1,  100. 27 

ProceediiigH.  Vols,  x  ii,  xiii,  xiv   3,  398.  5G 

Extras  from  reports   783.  -16 

Ciienlars   3.93 

Labels  for  speeimens   2, 488. 81 

Letter  heads,  memorandnm  pads,  and  enTolopes   170. 21 

Blanks   682. 26 

Catalogue  cards   337. 85 

Congressional  Rocordi*   20. 00 


Total  expenditure,  July  1,  IBOO,  to  June  30,  1881,  for  print- 
ing, National  Museum....  •   8,  935. 35 


Balanoe  July  1, 1891    1, 064. 66 


PERKINS  COLLECTION  OF  PREHtSIORIC  COFFER  XH PLEMENTB. 

Appropriation  by  Congress  "  to  enable  the  Secretary  of  the  Smithsonian 
Listitution  to  pnrchase  from  Frederic  S.  Perkins,  of  Wiseonsin,  his  col> 
lection  of  prehistoiio  copper  implements"  (deficiency  act,  September 

30,  1890)   7, 00<).  00 

F.  S.  Perkins,  collectifin  nf* prehistoric  copper  implements................  7,000,00 

(Paid  direct  by  Tresisury  Department  to  F.  S.  Perkins.) 

FAYMBKT  TO  DAUGHTERS  of  Tin-:  LATE  JOSEPH  HENRT,  SBCRBTART  OF  THE 

SMlTH.«iOXlAX  IX.STirrTION. 

Appro]»riatiou  by  (Jougress  "for  payments  to  the  dauglit<^r*5  of  flic  late 
Joseph  Henry,  Secretary  of  the  Smithsonian  Institution,  tor  valuable 
public  services  rendered  by  hiia  "  (sundry  civil  act,  March  3,  1^1)  10, 000.00 

Payment  of  above  direct  by  Treasury  Department  to  Mary,  Helen,  and 

Caroline  Henry,  daughters  of  Prof,  Joseph  Henry    10, 000. 00 
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PUUCHASK  or  THE  CAPKON  <'<)LLECTIOX  OF  .lAl'AXESE  WORKS  OP  ART. 

Appropriation  by  ('i>iii;n'88  "for  thf  ]>nrfhn*<«*  nf  *tbt*  CnproTi  fci''i'rtinii  of 
Jnpanei^t' works  ot' art,' now  oil  tnniiorary  deposit  iu  the  .N.itioual  .Mu- 
M)um,  at  Wa.><hin|<;tou,  Di:>trict  ot  (.  olumbia  "  (suudry  civil  act,  MurcU 
S,l«01)  $10,000.00 

Pftynient  of  above  direct  to  the  heirs  of  Horace  Capron  by  the  Tlreoanry 
Department   10»000.00 

OTHER  MUSEUM  AFl'ItOPKlATlONfc}. 

PRESERVATION  OF  COLLBCTIOITS,  1888-'ee. 

Baluuce,  July  1,  1890,  as  per  last  aunuul  rex)ort   $15. 18 

Expeodittm  from  Jnly  C  1890,  to  July  1, 1891 : 

Supplies   $13.00 

Freight   -Mr> 

  15. 15 

Balance  July  1,1891  03 

Cariied,  under  the  aetion  of  Revised  Statutes,  section  3090,  l»y  the  Treasury  De- 
partment, to  the  credit  of  the  snrplos  fund,  June  30,1891 : 

PItl':SERVAT10N  OP  COLLECTION S.  l«8o 

Balance,  July  1, 18iH),  an  per  last  nnnual  report  $3,848.78 

Exp#.n«litnrfs  tVom  Inly  1, 1880. to  July  1,1891: 

1  curator.  1  iiionth   -tilOlK  <H.) 

1  rollcctor,  I  iiioalLs,  at  $2i)0   «00. 00 

1  ropy  ist,  8  days,  at  f  1.50   12. 00 

Special-contract  worlE . . . . ,   634.  7h 

  $1.  540.  78 

hupplies   317.90 

Stationery   76. 79 

Specimens   1, 182. 60 

Travel   326. 39 

Frrif?bt   2H  L'T 

Books   190.21 

Expenditure  to  July  1, 1891   3, 833. 84 

Balance,  July  1, 1801   14. 92 


Stai0ment  of  total  erpenditure*  of  ike  appropriation  for  preairvation  of  colleotiotiM,  1S$0, 


Ezpenditurea. 


Fruia  July  1, 
lt«t»,toJun« 
30. 1800. 


From  Jaly  1, 
iSHSftoJuoe 

Vi,  im. 


For  MderiflS  '  $118. 378. 09 

HnppUve   4,  f>tt'2. 67 

tStoticmerr  ,  2,807.0U 

8iie«lneDft  '  !K141.« 

'ft»Tel  t  *!,«!«.  48 

FreichI  I  2,416.92 

Itooks   1. 307.  Si 

Te««t   13S,1&1.C9 

1 

'  DituiUuwaucc,  45  (x>nt«. 

H.  Mis.  334,  pt.  1  III 


Tutiil  tu  Jouo 

30.  mi. 


546  78 
317.00 
7.V70 
1,132.50 
328.39 
344.27 
100.21 


$119,025.77 
S,27l».97 

2.mao 

6.2rj.0S 

L  072.  as 

2.001.19 
1,497.82 


S.888.84  i  130,985.00 
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Furniture  aud  fxture*^  1SS9. 

Balance  as  |ier  iMf  autiual  reiiort  #0. 40 

(Jarriod  nuilur  t\\e  artiou  of  Ef  viHcd  StaUitos,  toctiou  d(M)0,  by  tliti  Treannry  De- 
]»artnient,  to  the  oredit  of  the  surplus  fund,  June  30, 1891. 

I'ttnttdtic  ituil  JixtHtcitf  L^flO. 

Kttlauco  July  U  18!H),  as  per  last  annual  report  «  $1, 192.  i  1 

ExiioudituroA  from  July  1,  ]8t)0,  to  June  30,  18;)1: 

SjH-rial  st-rvir.'B   $10.  (H> 

l»«'wi<;u8  MTid  ili  awiii^H  lor  t-asra   |(».  75 

l'rjiiii«  »,  etaiidH,  otc   11.6(1 

GlHfls  

Hardware  353,22 

Tools   1.70 

I,umbor   IK?.  21 

I'aiiil.H  

Office  fnmitnre   &S.  17 

Tin,  lead,  etc   12.50 

RiiUIht  goods   1!>.  41 

Anparatns   7r> 

Tra Vtilliiig  cspeuseu   4.U5 

Total  expenditure   1,  loa.  13 

Ralnuce  July  I,  1891   .28 

State$itrHt  of  Mul  tje^uditurr*  0/ uppropriathn  for  furMture  nnd  fixlurttt^  1890. 


From  July  1.     I<'in<u  July  1,   »|....  i.   f  ^ 
.10,1890.  3!l,1«»l.  JU.  J«4»- 


Salariw*  

Hxliilutiuii  o:iBrB  

DiHtigns  hihI  dran'iii(;H  tor  cuMn . 

l>i'aw«ra,  trajH,  andliosm  

I'ranios,  atoilMS,  ot«   .■ 

(tlUHH  , 

Hnrilwiin»........  

Tools  

Clotb,  rutlAD,  otc  

films  JaTB....  

Ltimlwr...  

P«{lit4i.  oil.  Mid  bniMbcH  

OfHoe  fHmltnrv.  

Ch«lni  for  linlls  

Tin,  UmiiI,  etc  ............  —  ... 

Rrick  and  planter  

UhIiImw  {ro4id*  

Iron  liriu  k*-!^  


A)i|/uratua  


Total. 


$1.').  O-Jti.  'J  I 

■I,  :tnti.  77 
57.  (Ml 

o:n  tH 

1. 87  j.  :is 

l.'.'9l.07 
107.  .17 
H5.1I7 

:«.'•. 

(MI.W 
«ll5wl» 
&l.  no 
90.  IM 
9M.00 
40.87 
130.  CK» 

.11.8ft 

28.l(Vi.S8 


It0.00 

\  

11.80 

105. 

I 

4.70 

1 «  V  «  -  *  • 

.......... 

183.21 

<I3.17 

.  12,50 

^ 

10.41 

1.75  " 
1.09  i 


i.]oe.i3 


$15  f>.;»i, 
4.  77 
'J7. 7r> 
9:n.4« 
170.  44 
i.'^i.  70 
l.«4i.L'9 
tf.>  07 
H.V87 
305.45 
lt4«0.0» 
7'.'5.23 
06H.:(6 
!>1.00 
!03. 4I> 
!»8.  «iO 
6.»,  '.N 
(Hi 


tfrntingf  HghHng,  eit,^  1899. 


Hal;inrf  as  |Kir  las(  Mtntruil  n  port   99 

<  arried  undir  the  nrtioii  oj  Hcniscd  Statuti's,  Kcotion  'M)W,  by  tbt:  Treasury  l>e- 
partui<>nt  to  the  credit  of  the  snrplnw  fund,  June  30,  1801. 
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HHtlimj,  liyhtiiiy,  etc.,  1800. 

Hiilancc  July  1,  1H90.  ns  |>f>r  1:i-^t  r<  ])orf   ...... 

Kxiwuilitnies  from  .July  1,  181J0,  to  .iime  30, 1891: 

l  or  gaa   $74. 50 

For  telephones   201. 00 

For  eltwtric  work   60u  00 

For  electrir  Huppli<  K   1, 962.  DO 

For  rpntJil  of  f':ilMmx<«s   20.  00 

For  Ucatiug  sujiplicd   7. 80 


Total  exp4>nditiire8   2, 325. 90 

fialanee  July  1, 1891   1. 86 

Statement  o/  total  expenditures  of  appropriation  forheatingf  ligbliHy,  ete.,  l^tO, 


SiilariiH  

Coul  uuil  wcmmI 
GaM 


Telepliones  ' 

Elooirii-  work  I 

EltTtrii-  .-tnitpHfs  j 

K«  Ilt;ll  ..I  .  ill!  hoXttl  1 

Hcatitij;  i<  ]>uirs  ■ 

Ileal in^  »ii|i)ili<'s  

TrmvfllhiL'  •■xpen«tiH  «,  


TutAl. 


Kn>ii»  Jnlv  1. 
1^89,  to  .)iin«- 


♦,-).  114.87 
t)W.  26 

601. 
154.  40 
110  Oft 
1IM>.()0  i 
209.25  I 
147.86 
9.26  I 


Kmin  .)uh  1, 
189(1.  to  Jiinf 


#71.  50 
201.  CK) 

ttO.  0*> 
l,iNt2.UU 

2».0D 


7.M0 


Total  to  Jnuo 


$5.  114.8" 

2,  »».'>>*.  l'« 
1.  irff<.  :!2 

M>2.  05 
214.  40 
2  072.  09 
12<t.  00 
2<j9.  25 
155.  M 
3.25 


I 


2, 32S.  :iO 


U.9ftel.l5 


Nalwnal  Ma»eum—Pri»titnj,  1890. 


Balance  July  1, 1890  

Remaiaing  in  United  StateH  Trea«Dr>'. 


NATIONAL  XcKiLCK^lCAL  PARK. 


(irijanizatwn,  imprortmviii,  ami  niaintnianci'. 

B.-»l:mre  Jnly  1.  ^m  191,061.60 

Expend  it  in.  .s  from  .July  1, 1880,  to  Jilue  30, 1891: 

Shflt.  t of.uihnalH   (Wl .  4-i 

.Sh»*Uer,  bams,  cugcH,  fonecs,  etc   8, 

RrpairH  to  Holt  mnnBion.  etc   2,  OOO.  00 

Artiftcial  pomls^  etc   fiO.  16 

"Water  snpply.  s<  woro,  smfl  (lrAina{>e   14 

Ivo:i(Ih.  wnlkn,  and  hridji^es   10,  241. 19 

MiHcellaneons  Knpplu'8   li,  974.1^) 

Cnrreat  expenses   28, 432. 52 

  67,689.66 


Balance  Jnly  1, 1891   23. 441. 84 
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Staiamento/  the  total  rxpeHditHret  of  ilu  ,ij,jn  i>in  iatio*/or1heXntiikualZoSl0gica1  Park, 

ael  of  Apni  HO,  1S90. 


KfiMH  A  pi  il  30.  Knim  .lulv  1,  It-*.!  t««« 
■  \ms.  to  June  Il8»«),  t4.June»,*^*H?^,""* 


Slu-lUT  of  animals  I             $0.83  i)il3.031.42 

StiilttT.  Itarti^.  ca^^i's.  fenceii.  etc...  i  s. n;;), :{:t 

]!f paint  to  Hdl  umnsion,  ete.  .....i  tio 

Artiflclal  jH»ti(ls  ,  tf   M.IQ 

WatiT  Hiipply,  Mi  ui  i:i-i>  and  dnioage  '  W.  U 

]{*iar)H,  walk>(,  au«l  bridge*                                                             ■  10,  '2M.  19 

MiHrcUani-oiiN  8iipplSe8-.>>.  '              I'm.  57  3,974.90 


Total  '■  9I!*.&U  67,639.W5  flS.DW.  It; 


SmUhwHian  IntHtutUm  MUUnf  repain. 

Appropnatiuu  by  Congresn  lor  firft-prooiing  tbo  so-cailed  chain'l  of  the 
west  wing  of  tbe  Sinithiioniua  lustitation  baildiug,  and  for  ropuiring 
tiu^  roof  of  the  msda.  baflding,  and  the  eeilingr  and  plasterinj;  of  the  main 
hall  of  tlio  liuiMing,  Nuid  work  to  be  douu  iiiidiM'  the  HuporviHion  of  the 
Arehitrrtof  tho  Capitol,  with  tho  npprov.il  nf  flM*  Ht-^^pntsof  the  Smith- 
sonian Institution,  mid  no  jiort'ion  of  the  ajipinjtii.itinn  to  In-  nsrd  for 
Hkylights  iu  tbo  root"  nor  for  well-liole  iti  the  tioor  of  tho  main  buihling 

(siiDdry  oivil  act,  August  30, 1880)   $25, 000. 00 

Expenditures  from  Augiiat  80, 1890,  to  June  30,  1891 : 

Advertising  %   $12.  7H 

Iron  roof  and  coiling  (contract)   1,  ()20. 00 

Labor   a>I.H4> 

Lumber   M 

Kooflng  mati'rials   41. 90 

Stationery,  printing,  etc   5. 50 

Travelling  expensMi   10. 2r> 


2.414.23 


Balance  July  1,  1891   22,585.77 

iHtemaiUmat  exehant/e*,  IA<tS-lSt{!*. 

Halan.  i'  July  1.  lx>^f>    21.80 

Expenditures  from  July  1,  li<Si),  to  June  ;S0,  JMJ»1 : 

Freight   21.47 

Ralanre  June  30, 1801   .33 

Carrleil  under  the  a<>tion  of  Revisetl  Stututt'i*.  section  3090,  by  the  IVeasury  De- 
partment to  the  credit  of  the  surplus  fund,  Jnne  30. 1891. 

InltmalioMl  exekongn,  lilS»-lS90. 

Balance  Jnly  1,  1890    $11.99 

Expenditures  ftom  July  1, 1890,  to  June  SO,  1891 : 

Kivigbt   fll.i.-. 

Stationery  and  supplies   54 

  II.  yy 
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BBCAFITULATION. 

The  total  amonnt  of  ftiiids  administered  by  the  Institution  dtiring 
tbe  year  ending  June  30^  1891,  appears  from  the  foregoiug  statements 
and  the  account  books  to  have  been  as  follows: 

0M1THSONIAX  IKftTITL'TIOM. 

From  balance  oC  last  .v<  ar,  July  1,  18!K)  (includiug  caHli  from 
t'XfcutnrH  of  Dr.  .1.  H.  Kidder,  $5,000;  iucluding  cash  from 


Kilt  ni  Dr.  .Uex.  (  J.  Bell,  $5,000)   $30. 192.65 

From  iiittirebt  ou  Smilhsouiaa  fuud  fur  tUu  yuur   42, 180. 00 

From  salea  of  publications   418. 36 

From  repayments  for  freigfbtii,  etc   0, 344. 01 


Total  $79,135,02 

▲PPROPBIATtOKS  COMMITTED  BY  COXURKfUl  TO  TH8  CARR  OP  THR  INBTITUTIUX. 

International  excbanges: 

From  hiilanco  of  year  1888-'HJ)   $21 . 80 

From  lialarire  of  last  y«..ar,  July  1,  188»-'90   M.W 

I  rum  appropriation  for  18U0-'91   17,  OUO.  00 


T..t,il   $17,033.79 

North  AiiuMifiiu  i;tlnioln{;y : 

From  i.alaiK  i'  ot  last  year  (18«9~'90;,  July  1,  1890   12,033.08 

From  appropriation  for  188(K-'91   40, 000. 00 


Total   62,033.08 

Preservation  of  colloctiona — Museum: 

From  balance  of  1888-'89   15. 18 

From  babmce  of  1889-*90,  July  1, 1890   3, 846. 76 

From  appropriation  for  1800-'91   ! .  >  1 1  n  no 


Total   143,883.94 

Printing — Mnseani: 

From  Imlaiiee  of  July.  lsKf>^*90,  July  1, 1890   U.  55 

From  appropriation  of  18  '0-'91   10, 000. 00 


Total   10,064.56 

Perkiu's  <"ollectinii  nf  ]ir«'histnrir  ''op per  implements: 

From  appropriation  for  18UO-'9X   7, 000. 00 


Total   7,000.00 

Fnmttiire  and  fixfiire»<  — Museum  : 

rnmi  l.alauce  oj"  lsxu-j«),  July  1,  ISixi   1,  192,  41 

From  appropriation  for  1890-'91   25,  OCO.  00 


Totdl     2U,i92.41 

Heating,  lighting,  et<*.— .Mu8<  lan  :  ' 

From  balance  of  1888-'89   3. 99 

From  balanee  of  18S9-m  July  It    2, 327. 15 

From  appropriation  for  ISOO-'Ol   12, 000. 00 


Total   14,331.14 

Peatage — ^Muoenm: 

From  balance  of  1889-'90,  .J  nly  1 , 1890    500. 00 

From  appropriation  for  1890-'91   500. 00 


Total 


1.000.00 
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Natioiml  Zoological  I'urk: 

From  baluM^o  of  18tiK)-'90,  July  1,  1890   H«»l,081.50 

From  ap|»oprintioii  for  I8d0-*91   50«  500. 00 


Total  $Ul,5«i.50 

Smithaoniau  Instilntion — BuUtling  repahti: 

From  appropriaiiou  for  1R90-'91    25, 000. 00 


Total..   25,000.00 

Danghtera  of  the  Into  Joseph  Henry,  rterrfCary  of  the  BmithmmiNn 
stitiitiou: 

From  api)ropriat ion  Man  h  3,  ISiU   10,000.00 

Pun-haRo  of  th*';  (\'t]»r(»ti  roll.M  iion  of  .TapaiicHi-  w«»rk8  of  art: 

From  appropriation  Man  h     1«91   10,000.1K) 

MrMMARY. 

Sniitli-ioiiiaii  Inatitation......   $79,  VX'k  02 

K\rli;iuK««8   17,  0;i3,  79 

Kthnology   52,083.08 

PreaetTation  of  coUcctioiiH   143»  883^  94 

FuniHore  anil  flxtiirett   96^  192. 41 

Heating  and  lighting   14,  aSl .  H 

Po«t:)!irt.  ;   1.000.00 

I'linling   10,0frl.55 

lVrkiu«  colli  c  tioii   7, 000. 00 

ZoSlogiefll  park   Ul,  581. 50 

Smithsonian  hnihtinjj:  repairs   S^, 000. 00 

DaufjhterH  of  .Iosi*p1i  Henry   10,  000.  m 

Caprou  ooilection   10, 000. 00 


537,235.43 


The  committee  has  examiiuHi  t\w  vouchers  lor  i»ayments  made  from 
the  SmithiiOTiian  ineoiiie  during  tlie  year  endin;;  June  30,  18*)1,  all  of 
which  bear  the  ai»i>roval  of  the  Secretary  of  th*?  Institution,  or,  in  his  ab- 
sence^ of  the  AsHiNt^nt  Secretary  as  Acting  Secretary,  and  a  certificate 
that  the  materials  and  services  charged  W(*re  appliod  to  the  purposes 
of  the  institution. 

The  committee  has  almi  examined  the  ai^fouiif  s  of  tlie  International 
Exchanges,^  and  of  ttie  National  Mutton m,*"  and  of  tlie  National 
Zoo1ogic4i]  Park,^  and  flnd»  tliat  ttie  balance s  above  given  correspond 
with  the  certificates  of  tlie  disbursing  <'ler1c  of  the  Smithsonian  Insti- 
tution, whose  ai»{H)intment  as  such  disbursing  officer  was  accepted  and 
his  l>ondM  approved  by  the  Secretary  of  tlie  Treasury. 

The  fjuarterly  accounts-current,  tlie  voucliers,  and  journals  liavebeen 
examined  and  found  correct. 

At  the  last  session  of  <^ongress  a  Hiange  was  made  in  the  phraseology 
of  the  appropriation  made  for  ethnological  researches  (or  the  Bareau 
of  Etluiidogy),  Heretoforo  the  appro))riation  was  plaised  under  the 
direction  of  the  Secretary'  of  the  Smithsonian  Institntion,"  and  the 
Executive  Committee  def*ided  that  it  was  not  their  province  to  examine 
the  vouchers,  although  the  abstracts  of  expenditures  and  balance-sheets 
were  exliibite^l  to  them  quarterly.  The  exiienditures  were  made  by  the 
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disbursing  clerk  ot'tlu^  Hiiroaii  ul'  KrlnmUjjjy,  a  Im>ih1«m|  <>ili;MM  apiirovcMl 
OK  sucli  by  the  TreaRury  Departiiiwit,  au<l  had  the  approval  of  Maj. 
Powell,  tbe  Director  of  the  Bnivau,  nnil  also  of  the  Secretary  of  the 
Institution. 

The  ap])ropriiition  for  1890-^1  huK  been  placed  l>y  Coiigi'esR  "  under 
the  dii'eetion  of  the  Smithfloiilan  institution,'*  and  the  (committee  de- 
cided that  the  accounts  and  vouchers  Mhould  Ite  examined  by  theni  in 
the  same  manner  as  other  expenditures  for  which  the  Ke<::^(mf8  of  the 
Institution  are  in  any  de^^  ec  resiionsible. 

The  disbursement  of  the  Imhinceof  last  year's  appropriation  has  con- 
tinned  in  the  hands  of  the  disbursiuj;  clerk  <if  the  Bureau  (Mr.  J.  I), 
McChesney),  but  those  of  the  new  ap])ropriation  will  be  made  by  tbe 
disbursing  clerk  of  the  Smithsonian  histitntion  (Mr.  W.  M\  Karr),  ac- 
cepted as  a  bonded  oflicer  by  the  Secretary  of  the  Tresumry. 

I^kmeniof  Tt$mlttr  Uw^efrow  iht  SmUlnfouhi n  fit ntl nrmlnbh/or  ate  in  ike ft^r ending 

Junt.'io,  Lsui. 

Bftlanoe  on liaudJane 30, 1891  (hiclmlingthe  cnftb  fruiii  oxecit- 
torsof  Dr.  J.  H.  Ki<l<lor, 95,000;  InrlnilinirtheeaBU  from  Alex. 

(Jraham  Bell.  T=r..OOO)   $40«062.11 

Interest  «1  no  and  lecoiviililo  July  l    +21,  t>i«».  «M» 

IntoreMt  due  Aiid  roc^ivulile  January  1, 18!)2   21,0U<).  00 

  42,180.00 

Total  milAble  for  year  Midinjf  ^ntw^  30. 18il2   82. 242. 1^ 

Bespeetfolly  submitted. 

JAM£8  C.  WELLIN(U 

Henry  (3oppiI:k, 

ExeanHre  (kmmHtf, 
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ACTS  ANDRESOLrrinxs  OF  cnXflRKSS  KELATIVE  TO  THE  SMITHSONIAN 
INSTITUTION,  NATIONAL  MUSEliM,  ETC. 

(In  « oiitinuntiuii  fi«»iu  previous  reports.) 


[Filty>flTBt  Congrem,  second  aession,  189(W9i.] 
SMITHSONIAN  IN8TIT17TION : — INTERNATIONAL  EXORANOES. 

For  expenses  oftlie  system  of  intcrihational  excliaTipfr  s  between  the 
TTfiited  Stnte«<  uml  toreiirn  eonntrii's.  uiider  tlie  dir«'(  tidn  (if  the  8initli- 
sDiiiati  Iiistitation,  ineliuliii^  saluries  or  comjjensalioii  of  all  necessary 
en»i>loyeea,  seventeen  tbousaud  dollars.  (Sundry  civil  ai>propriatioii 
act,  ai»proved  March  3, 1801.) 

V,  *S'.  Oeoloffical  Surrey:  For  the  puri-ha^e  of  necessary  hooks  for 
thv  lih)  ;n  \'  and  tlio  ])ayment  fr>r  the  transmission  of  pnblic  doc  nnitMif s 
tlirou^h  l  lii;  Smitiisonian  exchange,  two  thousand  five  iiundi'ed  dollars. 
(Sundry  civil  appropriatit»u  act,  approved  March  3, 1.S91.) 

War  I>epartment:  For  the  transportation  of  reports  and  maps  to 
foreign  countries  throng])  the  Smithsonian  Institution,  oin;  hundred 
dolhirs.    (Sundry  civil  ajipropriation  act,  aj>prnved  ^lanh  isin.) 

To  i>:iy  the  Chica^jo,  Kock  Ishmd  an<l  I'arihc  liailmad  ('t)ni]»any 
amount  found  due  by  the  accounting  othcers  of  the  Treasury  on  a<count 
of  international  exchanges,  Smithsonian  Institution,  being  for  the 
service  of  the  fiscal  year  eighteen  hundred  and  eightymini',  sixty  six 
c>(> n  ts.  (Deficiency  act,  Ch.  ^40,  Statutes,  p.  SGH    Approved  March  3, 

mn.) 

Library  of  Congress:  For  expenses  of  exchanging  public  documents 
for  the  publications  of  foreign  governments,  one  thousand  five  hundred 
dollars.  (Legislative,  exetriitive,  and  judicial  act,  Oh.  541,  Statutes, 

page  1)14.    Approved  March  3,  1801.) 

Xaval  Ohsemitory:  For  rei)airs  [etc.,  etc.],    •    •    •    including:  V  V' 
mentto  Smithsonian  Institution  for  freight  on  observatory  publications 
sent  to  foreign  counti  ies,  postage,  expressage  (etc.,  etc.],  four  thousand 
five  hundred  and  bfty  dollars.   ( Legislative,  executive,  and  j udicial  act, 
Ch.  '>41,  Statutes,  j).  935.   Approved  March  3, 1891.) 

Viiit*'<l  Stntis  Ptifdtf  O^tr:  For  purchnse  of  hooks,  and  expetises  of 
transporting  [»ublications,  patents  issued  by  the  l*atent  Ofhce  to  loreijfu 
governments,  three  thousand  doUars.  (Legislative,  executive,  and  ju- 
dicial act,  Gh.  541,  Statutes,  p.  m   Approved  Mar.  3, 1801.) 

xu 
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U.  S.  NATIONAL  Mr^El'M. 

For  contiiininj;  tlio  in'eKervH-tion,  exhilritioii,  and  inereaHe  of  tlie  col- 
1<M*tion8  from  the  rarveyiiiK  and  cxplorin;^^  expi^ditions  of  the  Goveru- 
nM'jit,  :nif1  front  «>t!H*v  simn-fs  i!i(  lM<lin«4,'  salaries  ov  cemiponsatioii  of  all 
iHTOSsaiy  oiiij»l(»yt'e8,  one  liiiiKlrtd  smd  fnrf  x  livr  ilioiisanrl  dollars. 

For  i-ast'.s,  fiiriiitiiif.  Jixl iiifs,  ;nid  api»lidiu"i"s  n'quiml  for  the  exlii- 
bitioii  :md  safe  kccpin*;  of  the  tNinef^tioiiH  of  the  National  MuBenin,  in* 
Hiidin^  salai  ic's  oi  eoiii)>enKatien  of  all  iMN'esftary  employees,  twenty- 
liv«'  tiMiusaiid  dollars. 

l%»r  oxpcns**  of  l»<'Mtin<;.  li<j:liti)i;:.  cU'ctrif  al.  tclc^jrapliic,  and  tele- 
plioiiic  Hei  vh*'  lor  tlii*  National  3iiist'uni,  twelve  thousand  dollars. 

For  removing;  old  boilers  under  MitHcniii  hall  in  Smithsonian  Bnild> 
ing,  r«*pla4^iiij?  them  with  new  ones,  and  for  necessary  altertitions,  and 
conucH'tions  of  stt'ani  heating  a]»]>aratiis  and  for  coveriaK  pipes  with 
fircpr'  "f  m  ttrrial,  thrcf  thousand  dollars. 

For  inuus  iiif*- tln^  dccayt'd  wooden  thiurs  in  tlio  Mnsruni  buiidintf. 
snbstitntiiig  i;iauolithic  or  artificial  stone  therefor,  and  for  hlate  for 
eoveriug  tretielies  containing  Iieiiting  and  eleetrie  apiMiratus,  inelnding 
ail  neceBsar>  material  and  lalK)r,  to  lie  immetliately  available,  five 
thousand  dollars. 

I'oi  the  ]tnrrha>c  ui  ••thf  ('apron  collection  of  .l!i]>anesc  \\(Mksof 
art,"  now  on  temporary  di'posit  in  the  National  JMnscuin  at  Washing- 
ton, District  of  Cobnnbia,  ten  thonsand  dollars. 

For  postajre  staini)s  and  foreign  iiostal  cards  for  the  National  Mu- 
senn),  live  Inindred  doUai  f^. 

l\ir  ]taynn*nt  to  the  dauj*hters  of  tin?  late  .b»se])h  Henry.  Secretary 
oi  the  Sniith.soniau  Institution,  for  valuable  pul»li<'  services  rendered 
by  hiin.  ten  thonsand  dollars.  fSnndry  civil  appropriation  aet,  ap- 
proved Mar.  3,  18*U.) 

I'tihlir  Priiiftr:  For  the  Smithsonian  lnstitnti<Mi  for  printing  for  the 
nse  of  the  National  Mnscnnt  not  excee<lin«j  one  thousand  dollars. 
<  Delic  ieney  act,  (  h.  .'»40.  Statutes,  p.  887.    Approve<l  Maich  IStH.) 

I'hUHc  Vi  intimj  and  Jyiitilinff:  For  the  Sniitlisoniau  Institution  for 
]>rinting  lab«»l8  and  blanks  and  for  the  ^-Bnlletins"  and  annual  volumes 
of  the  Proceedings**  of  the  National  Museuni,  fifteen  tin  uisand  dollars. 
(Snndi  \  <  i vil  appropriation  act,  n]»pi-ovi'd  Marrli  ISiM.) 

To  nifcl  <  usi4»ms  <luti<'S  (Ui  glass,  Jin,aii(l  oi  licr  ilnt  ialile  art  icics  and 
supplii's  imported  for  the  F  nited  States  Nal  ional  Mnsenm,oae  lhousan<t 
dollars.   (l>e(lcienc\  act,  t'h.  Ti-H),  Statutes,  p.  S<*i>.   Appn»ved  Mar<*li 

1S9I.) 

XORTH  AMERK'AN  l?TlfNOT,OI*Y. 

I'or  continuing  I'thnologieal  r«*.sear<'ltes  amoiiLMhe  American  Indians, 
under  the  directiou  <if  tht>  Sniitlisoniau  Institution,  including  salaries 
or  com])ensation  of  all  necessiiry  employees,  titty  thousand  dollars^ 
(Sundry  civil  appropriatt<m  act,  approved  March  IHUI.) 

^ati(>:kai.  Z()oi.o(rif;Ai.  pauk. 

For  continuing  the  (•onsirneiion  of  roads,  walks,  briilges,  water  kuj»- 
])]y,  sewerage,  and  drainage,  and  for  grading,  planting,  and  otherwi-^e 
improving  the  grounds  of  the  National  Z<»ological  I^n  k.  incluiliug  siila- 
rieaoreomiM'Usation  of  all  necessary  employees,  tilteen  thousand  dollars* 
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For  erecting  and  repairing  biiildiugs  and  inclosnres  for  aninmlR  and 
for  adroiniHtrative  purposeSf  iu  the  national  /()olo«>-i('aI  Park,  iiicludin;; 
salat  ios  or  compensation  of  all  necessary  employees  eigliteeii  tiiousand 

dollars; 

For  uare,  subsititc'iice,  and  traiisjiorfation  of  aiiiniaLs  tor  tlu*  National 
Zoological  Park,  and  for  the  j^Krposr  limrebasej  of  rare  specimens  not 
otherwise  obtainable,  including  salaries  or  couipenstition  of  all  tHMisssiry 
employees* and  jreneral  incidental  cxixmiscs  not  otherwise  provided  for, 
seventeen  tlionsand  live  liiindrcd  <i(ill;iis;  in  nil,  fifty  tlionsniid  livo 
hundred  dollars,  one-lialf  of  \vln»  li  sum  .sli;ill  hcpaid  front  lUv  ivvk'unvn 
of  the  District  of  Cohunliia  au<l  ihc  ittht^r  iiaUlroju  the  Treasury  of  the 
United  States.  (Snndry  civil  ai)pru]»riation  act,  ai>|>roved  March  3, 
1891). 

ASTEO  l'UVirtiCAL  UBiiEBVATUBY 

For  maintenauee  of  astro-physical  observatory,  under  the  direction 
of  the  Smithsonian  Institution,  iuclndin<;  salaries  of  assistants  and  the 
purchase  of  additioiuil  apparatus,  tlwHisaud  dollars.  (Sundry  civil 
appropriation  act,  approved  March  J,  16U1.) 

OOVEBNHBNT  KxuilUT.  For  the  seleetion,  jjurrhase,  preparation, 
and  arrangement  f)f  ^ndi  mticles  and  materials  as  the  heads  of  the 
several  l^xeeutive  J)i  partuu^nts,  the  Suiilhs«>nian  Institution  and  Na- 
tional Museum,  and  the  United  States  Fish  (Jouiniissioii  uiay  deeide 
shall  be  enibraeed  in  the  GovernnieTit  exhibit,  and  sneh  additional  ar- 
ticles as  the  President  may  designate  for  said  ]Ox]>osition,  and  for  the 
employment  of  proper  persons  as  oilieers  and  assistants  to  the  Hoard 
of  Control  and  Managenn  nt  of  the  <  lovernnient  exhibit,  ap])ointed  l)y 
the  President,  of  which  not  exeeedinj;  five  thousand  dollars  nniy  l»e 
expended  by  the  said  board  for  eleri<  al  services,  the  sum  of  thi'ee  liuu- 
dred  and  fitly  thousand  dollars  is  liercby  appropriatiMl  for  the  sc^rvice 
of  the  iiscal  year  ending  Tune  thirtieth,  eighteen  hundred  ami  ninety 
two,  ami  any  moneys  heretofore  appropriated  in  aid  of  s;iid  (  lovennnent 
e\]iil»it  may  be  used  in  like  niarmer  and  for  like  jnii  poses:  Pntrirfedj 
That  all  expenditures  made  ior  the  purposes  and  from  the  ajjpropriu- 
tion  herein  Bpetrified  shall  be  subject  to  the  approval  of  the  said  Board 
of  Control  and  Management  and  of  the  Secretary  of  the  Treasury,  as 

now  provided  Ity  law. 

\Vi)-Ri.i)"t>  (J<»LlMUiAN  ('(ni-^TissToN.  l'(»r  tlie  World's  Columbian 
CVunmission,  ninety-five  thousand  live  hundred  dollars,  of  which  sum 
tliii  ty-six  thousand  doUars  shall  be  used  for  the  Boartl  of  Lady  Man- 
agers. 

For  expenses  conneet^Ml  with  the  admission  of  forei*;n  uouds  to  the 
K\i)o^ition,  as  s«*t  forth  in  section  twelve  of  tin'  a<-t  <t«'atm«j^  the  Com- 
mission, ai)proved  April  iwenty-hflli,  eighteen  humlred  and  ninety, 
twenty  thousand  dollars; 

For  contingent  expenses  of  the  World's  Congress  Auxiliary  of  the 
World's  Columbian  Exposition,  tw<»  thousand  five  hundred  dollars. 

Aiitf  the  sevei-al  sums  herein  ;ippro]>riate(1  for  the  ^^'orl(^s  Colum- 
iM  iii  Exposition  sliali  l)e  deenn  il  a  |»art  <i|  tlu«  sum  ol  one  million  ti\e 
hundred  thousand  th>llars,  the  limit  of  lialiili  ty  of  the  United  States 
on  account  thereof  fixed  by  the  w.t  of  April  twenty-fifth,  eighteen 
huudre<l  and  ninety,  authori/in^r  said  Llxposition.  (Sundry' civil  appro- 
priation act,  approved  March  '6, 16U1.) 
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SEGBETABY  OF  THE  SMITHSONIAN  INSTITUTION, 

FOK  TiLE  YEAR  £NDI^a  JmH  30,  mu 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Q-ENTLBMEN :  I  liuvc  the  lionor  to  .submit  lierewitli  my  rei>ort  for  the 
year  ending  Jiiue  30,  1891,  of  the  operations  of  the  Smithsonian  Insti- 
tution, iudludingf  tlie  work  placed  by  Conj^ress  ander  its  charge  in  the 
National  Mnseum,  the  Bureau  of  Etlmology,  the  International  Ex- 
changes, the  National  Zoological  Park,  and  the  Astro-physical  Observ- 
atory. 

I  have  spoken  personally  and  briefly  of  matters  of  chief  importance 
concerDing  these  various  Bureans,  and  have  then  added,  for  tiie  sake  of 
completeness,  detailed  reiioi-ts  from  the  Bureau  of  Ethnology,  the  In- 
ternationa] Exchange  Bureau,  the  Library,  the  National  Zoological  Park, 
and  the  Editor  in  charge  of  Publications,  which  are  contained  in  the 
Appendix,  The  work  of  the  National  Museum  is  reported  on  at  length 
in  a  separate  volume  by  the  Assistant  Secretary  in  charge. 

THE  SM1T11S0>'IA^'  1NSTITUT102^. 

THB  ESTABLISHMENT. 

I  have  to  record  a  chau'jfe  in  tlir  ostablishment  during  the  year,  lu 
the  death  of  tlie  Hon.  William  VViii(l(»ni,  Se/retary  of  the  Treasury, 
on  2t)th  January,  1891,  and  the  api>ointmeut  ol  liis  successor  to  the 
Secretaryship,  the  Hon.  Charles  Foster. 

THE  BOARD  OF  REGENTS. 

In  accordance  with  a  resolution  of  tlic  I>(>ard  of  -(  nrs  tixing  the 
time  of  the  stated  annual  ineetiii;^  ot  the  r>»):tnl  oii  the  1th  Wednesday 
of  January  in  each  year,  the  Board  met  on  January  28, 18U1,  at  10 
o'clock  a.  ui. 

The  Hon.  Chnrlos  Devens,  of  Massachusetts,  whose  iii)i)ointment  as  a 
member  of  the  Board  by  joint  resolution  of  CoTi  irn'-^^  May  1890, 
was  noted  in  thf  report  for  last  year,  formally  deelineii  i  he  ;ii)pointinent 
fin  account  of  a  |>rovisit)n  in  the  constitution  of  the  fcJtate  of  Massiichu- 
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setts  whereby  juHticcvS  of  the  suprome  judicial  court  of  the  Gommonwealth 
are  rendered  incapable  of  holding  any  place  or  oflSce  fvom  any  otiier 
State,  Guvoriiment,  ur  i>ower  whatever.  I  regiet  to  add  that  Judge 
Devens  died  on  the  7th  of  January,  1891. 

The  va<'anev  in  the  lioard  has  not  yet  been  filled. 

The  Hon,  Ueorp'  Baneroft  and  (Jen.  William  T.  Shermau  have  died 
dnrmg  the  year.  The  lives  of  these  two  eminent  men  have  made  their 
lose  a  national  one,  so  widely  known,  and  accompanied  by  obitunry  no- 
tices so  g:eneral  and  Sf>  (;omi>let4i,  that  to  repeat  them  here  would  be  a 
work  of  superfluity.  Reference  is  made  to  them  elsewhere  in  the  nee- 
Tologic  notices  only  so  far  as  relates  to  their  connection  with  the  Board 
of  Rejrents. 

Mr.  Justice  Miller,  whos(^  death  oecurred  on  the  10th  of  Noveinber, 
1890,  is  also  to  be  mentioned  Inne,  havinj?  be(?u,  iis  iu-ting  Chief  Justice, 
elected  temporarily  Ohaneellor  of  the  Board.  lie  served  in  this  eapac* 
ity  from  March  27,  1888,  to  January  9,  1889.  It  would  be  superfluous, 
as  in  the  foriiKT  cuses,  to  do  nmre  than  to  note  the  facrt  and  with  it  to  re- 
call the  sincerity  ol"  the  res]>eetand  the  wannth  of  the  repfard  which  all 
felt  for  him  wko  knew  him  iu  this  or  iu  any  other  capacity  of  his  eminent 
oiiiciai  life. 

AD2fUNISTllAT10N. 

I  wish  again  to  remark  that  the  great  extension  of  the  interests  con- 
fided to  the  Institution  make  the  duties  of  the  Secretary  and  his  assist- 
ants altogether  different  from  what  they  were  in  its  early  history.  The 
change  brought  about  by  constant  growth  of  its  activities  has  been  so 
uniform  in  its  progression  that  there  has  been  no  particular  moment  at 
which  it  seemed  possible  to  say  that  the  burden  of  the  work  had  grown 
to  transcend  wholly  the  means  for  effecting  it.  At  present  I  feel  confi- 
dent that  I  am  justified  in  saying  that  such  is  the  case,  and  that  some 
provision  must  now  be  made  for  enabling  the  Secretary  and  his  imme- 
diate assistants  to  have  additional  aid  in  this  administration  of  the 
affairs  of  the  Ctoeral  Government  from  some  source  not  provided  for 
out  of  the  already  insufficient  fiinds  of  the  parent  institution. 

This  institution  administers  large  Government  interests,  while  no  ap- 
propriation has  been  made  by  Congress  for  the  expense  of  such  admin- 
istration, such  as  is  m:ule  in  all  other  analogous  cases,  and  this  expense 
is  directly  repi  esented  by  an  increment  of  the  expenditure  of  the  parent 
institution,  chiefly  under  tli<^  head  of  salaries,  which  are  not  needed  for 
the  purposes  of  the  original  fund  alone. 

FINAJiCES. 

I  have  in  a  previous  report  referred  to  the  fiict  that  owing  to  the 
changing  value  of  money,  the  purchasing  power  of  the  Smithsonian 
fiind,  in  the  language  of  a  committee  of  the  Begents — 

** while  uoiuiiiaily  lixed,  is  growing  actually  less  year  by  year,  and  ot 

.    less  and  less  importance  in  the  work  it  aecomuUshesi  with  reference  Jo  , 
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tho  immense  exteoiiiuu  oi*  tlio  comitiy  ^iuce  the  (ioverumeut  accepted 
the  tniMt ;  ^ 

so  that  it  seems  most  desirabhi  tlmt  tln'  luiifl  shouhl  Ik*  enhirgcd,  if 
oiil>  ti>  reprcsiMit  tlie  oriiriiml  |>(»sitiiiii  nf  its  liiiaiices  relatively  to  tliose 
of  theeountry  ;iml  iiistituti<»ns  U'aiuiiijj:. 

Everything  wliich  lias  (wcnrred  sinee  tliis  was  written  ini'rea.scs  tlie 
fore<^  of  the  ohsri  val  ion.  I  only  remark  iiinui  it  here  to  say  that  1  have 
tjiken  sonic  jiains  to  inviti*  the  attention  of  rljose  who  are  seekiiij^  ii 
trustee  for  the  disjM)sition  (jf  means  intended  for  the  advancement  of 
knowledge,  to  the  espeeial  guaranties  for  security  oti'ered  by  the  admin- 
istration of  tlie  Regents. 

It  is  proiKsr  to  meutiou,  in  tliis  connection,  that  I  have  during  tlie  j>ast 
year  come  into  communieatiou  with  a  gentleman  who  dcsiies  to  donate 
$2<M),()00  to  the  fimd,  provided  he  can  do  so  on  certJiin  conditions,  with 
i-egard  to  whicli  I  have  not  felt  myself  anthurized  to  act  without  con- 
sulting the  Regents,  and  as,  nevertheless,  they  can  not  be  assembled 
daring  the  present  year,  I  have  taken  the  nnnsnal  Kte[),  justifled  by  the 
occasion,  of  telegraphing  to  each  individual  member  of  the  body  to  ask 
his  opinion. 

Favorable  opinions  have  been  received  in  answer  to  this  from  nearly 
ftU  the  Begents  and  I  may  anticipate  a  statement  pro]>erly  belonging 
to  a  later  report  when  I  say  that  the  sum  in  question  has  since  been 
placed  in  my  hands  by  the  donor,  Hr.  Thomas  G.  Hodgkins,  of  Setan- 
ket.  Long  Island,  to  be  tendered  to  the  Begents  at  their  next  meeting. 

The  invested  ftmds  of  the  Institution  are  as  follows,  being  in  the 
same  condition  as  in  my  last  report: 


Bequest  of  Suiitlisou,  1846   *515, 160.00 

Residaary  legacy  of  SmitliBOii,  1867   96, 210. 63 

DepMlta  from  taTings  of  income,  etc.,  1867   10^  620. 37 

Bequest  of  .JamcH  llaniiltoii,  1874    1, 000. 00 

B«-cpi  — t  ofghnpon  Halx'l,  l.<<8n   500.  (X) 

Dep-'.-ii  >•  iVuia  proceeds  of  suh-  »!'  l»uu<U.  18^1   51,500.00 


Total  p(*rnuU)oiit  8uutIiKoninii  fund  in  the  Trrnsnry  of  the  United 

hlates.  bearing  interest  at  6  per  e«Mit  per  annum   703,000.00 


At  the  beginning  of  tlie  fiseal  year  the  bahmee  on  hand  was  $30,102.(>5. 
Int<'!rest  on  theinveshMl  fnn<l,  amounting  to  ?542,1S0,  has  been  received 
from  the  Treasurer  of  the  United  iStatoR  during  th(>  year,  and  ftom  sales 
of  publications  and  miscellaneous  sources^  including  repayments  on  ae- 
cotmt  of  intenuitional  exchanges,  $6,702.37,  maiving  atotal  of  )^ 70, 135.02, 

The  total  exp<?iulitnre.s,  as  shoM  ii  m  d(  tail  in  the  report  of  the  exec- 
utive eonunittee,  have  been  5il35),07:i.l)l,  leaving  an  unexi^ended  hahinee 
on  June  M),  ISIM,  of  «4(MM»-M1.  Tliis  ineln<les  a  snm  of  .i<lO,000,  the 
amount  of  a  bequest  of  *."),(M>0  from  the  late  T)r.  J.  11.  Kidder  and  a 
donation  of  a  like  aiuonnt  from  Dr.  Alexander  (Jraham  V^v\]  iiersoiially 
to  the  .Seeretary  for  physieal  investigations,  which  was,  with  tlie  donors 
consent,  deposited  l)y  the  Seci-ctary  to  the  ere<lit  of  tlic  funds  of  tlic  \\\- 
stitution  subject  to  order.   JSeither  of  these  sums,  tbeu,  lbrmi>  a  iMjrtiou 
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of  the  invested  fundis,  and  both  have  been  held  in  the  ho])e  that  Con- 
gres8  would  later  provide  a  site  for  a  i)erinanent  bnildin^;r  lor  the  astro- 
physical  observatory.  The  bahmee  then  avaihible  tor  the  general 
pur]M>ses  of  tlie  Institution  on  July  1,  1891,  was  5<.'iO,OGLMl,  but  this  is 
in  part  held  ayainst  vai  ious  liabilities  for  seientitte  purjjoses. 

The  Institution  l.as  been  eliarj^ed  by  Conp'ess  with  the  disburse- 
ments during  the  year  of  the  following  appropriations: 


For  iiit<3riii«tional  ex<  h!inK<>s   $17,  fXK) 

For  rTluioldLri'  al  rcsr;ir«  U©»    40,000 

For  Nuti«m.il  .Mnf<i'iiin: 

Preservation  of  collcctiou.s   $140,000 

Funtiture  and  ftxtum   25^  000 

Heating  and  lighting   12,  OOO 

Postage   '.'^ 

Print!ii<r    10,000 

Perkiu'H  colleciion  [in-liist oru-  cojiiu^r  implement   7,000 

Pot  Smithsonian  Institntion  BuiMinj;  n  pftirs   2.5,000 


io  tiiesr  should  b<'  addrd  the  un»  \iM'ii<led  balaiiee  of  the  spe<!ial 
anpropriatiou  of  (i?yii,(KM)  iua<lo  April  .'iO;  l-SiH),  Un-  the  Xatioual  Zoologi- 
cal Park. 

The  vouchers  for  tin'  tli>l»urs«  ment  of  tin  so  apjiropriaticnis  have  Ihm'U 
examined  by  the  oxecntiv<'  coniiiiii  u-c.  and  ili<'  \  :ii  ioiis  items  of  ('X])end- 
iture  are  set  f<»rlii  in  ;>  Icttci-  lukhessed  to  thr  Si»<'akerof  the  House  of 
llepresentatives  in  uecordanee  with  a  provision  of  the  sundry  civil  act 
of  Oc  tober  L*,  18H8,  while  the  expenditures  from  the  Sniif  lisoniau  ftind 
haselikewise  been  exaiiiiiifd  antl  appioved  by  the  exe«iitive  committee 
and  are  shoM  ii  in  ilicir  i  ('p«»]  t. 

I  in;iy  her*'  <  :ill  ;i 1 1 cut inii  to  ;i  chan<;:e  in  the  phraseolnnv  of  th(.'  sun- 
di>  t  i\  il  act  I'l.ikiii;;'  appio|)riation  for  ethnoh>sit-al  rest%ii<'hes,  wliereby 
the  apju-opriation  is  }>hu*ed  "uiHler  the  direction  of  the  8mitlisoiiiaii 
Institution,"  instead  of  in  thediar;;^  of  the  ''Secn'tary  of  theSmiths(ui- 
ian  Institution,"  as  heretofore.  The  vouchers  from  the  Bureau  of  Eth- 
nology are  therefore  in>w  scrutinized  by  the  executive  eouimittee,  us  are 
all  other  expenditures  of  the  Institution. 

The  estimates  for  the  flseal  year  ending  June  30, 1802,  forwarded  to 
the  Secretary  of  the  Treasury  under  date  of  Octolier  20, 1890,  were  as 
follows: 


hiternationai  i'xc-ban^t  s   $32,400 

North  Ajuerieaii  ethnology   50, 000 

National  MiiAenm : 

Pr<»s<'rvatioii  of  colloctiona  1   ISO,  000 

H'Titiiiu        lii^Iitiii'^   ,   ir».  rHM) 

I'lirniluif  ;iini  li\I;ii  i's   3{»,  UW 

Printing  ami  imuiiug   10,000 

Pontage   1,000 

Cnstotns  duties  on  f  laas,  thi,  etc   3, 000 

piric  ittg  old  Tioih  rs.  etc   3, 000 

Keplacintr  wooden  lloor  with  ^auolithio  or  artincial  stone   5, 000 

National  Zo«)lof;i<  al  I'ark   101, 350 

.  AstropUysical  observatory   10, 000  , 
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BtriLBlKGS. 

T  must  again  nrf^o  upon  tho  attontion  <>l  tlit*  Ke^j:euts  tlic  over-increas- 
in«;  ne(.'es.sity  for  ivlirf  from  tlu'  ovon*row(l(Ml  cniiditiou  of  tli<»  National 
Mnsnim,  The.  lack  of  more  adctiuate  ac<'<»mmo<lat ion  has  hci'ii  cvni 
luim-  fon'il)ly  ]>n'st'iit(Ml  tliaii  ever  iM'fore  in  niakiu<^  the  neeessary  prcj) 
aiatinuH  for  the  Museum  exhibit  at  the  Woiid^8  Culumbiau  Exi)o.sitioii 
in  Chicago. 

Tiie  present  Musenni  bnilding  wan  lijuslicd  ami  oeeiipicd  in  18<SI.  The 
rolleetif>ns  ineronsed  so  rapidl\  that  as  early  as  lss;5  the  IJegontH,  at 
their  nieeiin<j:  of  January  17,  reeonuneuded  to  Congress  the  erection  of 
a  new  build iii<r. 

Since  1S,S;»  tln' collections  have  ajjain  increasetl  to  siu  ii  an  extent  that 
a  new  Imildinji-  as  larue  ns  the  jiri'.Nent  one  eonld  now  be  practically 
filled  with  material  la  id  in  stora-ic  an<l  I  can  only  re])eat  with  niereased 
enipha.sis  the  closing  sentence  (if  my  letter  of  Jannary  -1,  bS!M).  to  the 
Hon.  Lrdand  Stanford.  Chairman  ol'  the  Senate  Commit  lee  on  I'nhlie 
Buildin^^s  an<l  drounds.  "  tliat  unless  more  space  is  provided  tlie  de- 
velopment.  of  t  Ik' ( lo\  ernment  collection,  which  is  already  partly  iir- 
rested,  will  be  almost  comph'tely  stopped." 

Plans  for  a  new  jnuseiim  bnilding  of  two  stories  and  ])asem(ait  w(M'e 
laid  before  the  Board  in  .lanuary,  1890,  and  on  Fein  nary  lU,  J.S!H>,  a 
bill  approj>riatini4  ><."»no.()(K)  was  reiM)rted  by  Senator  Alorrill  from  the 
Senate  Committee  on  l*nblic  Buildings  anil  (ironnds  and  passed  the 
Senate  on  April  o,  1S9I),  This  bill  was  fjivoiably  reported  IVom  the 
House  Committee  on  Public  linihlings  and  Grounds  January  1),  1891, 
but  at  the  close  of  the  session  it  had  not  come  before  the  House  for 
action. 

\u  approi)riation  of  *2r),()(H)  for  fire-pnK>fing  the  so-called  chafiel  of 
the  west  wing  of  the  Smithsonian  Hnihling  and  for  repairing  the  joof 
of  the  main  building  and  the  ceiling  and  phi.stering  of  the  nniin  hall  of 
the  building,  having  become  available,  plaus  for  tlie  conteniplate<l  im- 
pi'ovements  were  prepared  by  the  Architect  of  the  Capitol,  as  diieeted 
by  Congress,  and  work  was  begun  in  April,  1891.  The  old  roof  of  the 
ebapel  was  entirely  removed  and  replaced  temporarily  by  a  wooden  cov- 
eriug  for  the  protection  of  the  siiecimens  e^titained  in  this  piirt  of  tlie 
building.  By  the  end  of  June  gratifying  progress  had  been  made 
towards  the  construction  of  a  safe,  substantial  iron  and  slate  roof. 

This  ap[»ropriation  of  $25,000  was  but  a  portion  of  the  sum  asked  for 
to  be  used  not  only  for  fire*proofing  the  chapel  and  repairing  the  roof 
of  the  main  building,  bat  also  for  makiug  other  repaurs  upon  tlie  build- 
ing, more  especially  In  making  moi'e  suitable  provision  for  storing  and 
handling  the  Government  documents,  the  distribution  of  which  Con- 
gress hafi  intrusted  to  the  Institution.  Under  the  wording  of  the  appro- 
priation act  it  was  found,  however,  that  the  expenditure  of  the  appro- 
priation was  confined  to  the  two  items  mentioned  above.  I  have  referred 
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elsewliere  iu  this  report  to  the  8i>ecial  needs  (if  the  exchange  depart* 
mout  ,  oil  iKH^ount  of  the  over-crowded  conditioD  of  the  store'iooms  occa- 
pied  by  the  Government. 

The  new  bniUlinjifa  ereeted  or  in  imxess  of  (^rectiou  for  the  collection 
of  living  uniitials,  being  all  in  the  Zo^ilogicai  Fai'k,are  mentioned  in  the 
report  upon  the  park. 

I  am  gratified  to  report  that  it  haa  been  possible  by  reducing  ex- 
penses in  other  directions  to  revert  in  some  measure  to  an  early  prac- 
tice of  the  institution,  eminently  consonant  with  its  founder's  purpose, 
that  of  offering  aid  in  original  research  to  certain  investigatious  of 
much  importance  which  were  hindered  by  lack  of  means. 

Among  the  special  grants  may  be  named  that  of  $500  to  Prof.  A.  A. 
Michelsouy  of  Clark  University,  for  continuing  his  imfiortant  work  upon 
a  universal  standard  of  measure  founded  on  the  wave-length  of  light; 
also  a  sum  of  $600  placed  at  the  disposal  of  Prof.  E.  W.  Morley,  to  pro- 
cure a  special  apparatus  for  determinations  of  the  density  of  oxygetL 
and  hydrogen,  an  investigation  requiring  extreme  precision  and  delicacy 
of  manipulation,  and  promising  results  of  wide  application;  while  $200 
was  placed  at  the  disposal  of  J>r.  Wolcott  <iibbs,  for  investigations 
at  his  laboratory  in  Newport  upon  chemical  compounds. 

To  Prof.  E.  S.  Holden,  director  of  the  Lick  Ob^servatory,  California^ 
a  grant  of  $200  wa.s  made,  to  assist  in  perfcetin;^^  his  a]>i)aratu8  for 
securing  ])hotof:fraph8  of  the  moon.  The  results  ni'  his  studies  in  this 
field  Prof.  Ilolden  has  offered  to  place  at  the  disposal  of  the  Smith- 
sonian Institution  for  publication  at  some  future  day,  should  it  seem 
desiiable. 

Prof.  Pickering,  director  of  the  Harvard  Observatory,  has  also  placed 
at  the  disposal  of  the  Instituti<»n  for  i)ublication  a  very  valuable  series 
of  i)hotf»{^rapliS  of  the  moon,  wliich  have  been  secured  at  the  Harvard 
Observatory,  and  Avhich  will  be  supplemented  by  photop  Mphs  to  l)e 
taken  at  the  Harvard  Observatory  high-altitude  station  in  the  moun- 
tains of  Peni. 

The  director  of  the  Paris  Observatory,  Adtniral  Mouc-hrz,  has  like- 
wise iiromised  his  co-operation  in  securinjr  lunar  photographs  of  the 
higlH  st  dejifree  of  excellence  now  attainable. 

V\  itli  the  aid  of  these  tiiree  ju'ominent  observatories,  whicii  have  given 
es])ecial  attenti»»n  to  the  snbject  of  lunar  pliot4>grai)liy,  it  is  ]>roiM)se(l  to 
I)reparr  a  vohuiie  repK'scnt  iii;^-  upon  a  lai  nc  scale  the  best  results  tliat 
v;m  ]h'  srcurt'd.  thus  plariii^-  record  a  detaih'cl  description  of  the 
lunar  surl'ace,  the  vahie  of  \\iii<li  for  eoini>arisoii  with  observations  and 
photoLiia]>hs  of  the  future  «*an  st-an'i-ly  be  o\  ei'  rstimated. 

In  furthei ance  »>f  the  i)lan  for  tiie  establishim  iJ  ot  staiulard  si/cs  of 
screws  hthJ  ot"  <liauH*t<«rs  of  tubing,  etc.,  foi*  astronomical  and  physical 
ap]mratus — a  subj<'ct  which  has  received  tlu'  attcnticm  of  couinuttees  of 
the  National  Academy  of  Science,  as  also  of  the  American  Association 
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for  the  Advancemeut  of  Scieuce — a  few  standards  have  been  tentatively 
adopted,  and  (joi)ie.s  of  these  are  attainable  by  all  interested  in  sefuriug; 
uniformity  in  this  elasn  of  work. 

I  Iiave  referred  above  to  researches  iu  physical  science  alone;  the 
work  of  individual  members  of  the  Institution  and  of  others  in  the  nat- 
ural sciences  is  given  in  connection  with  the  portion  of  the  report  relat- 
ing  to  the  Museum.  I  miiy,  however,  state  that  certain  physical  inves- 
tigations.  which  have  been  made  under  the  personal  direction  of  the 
Secretary  of  the  Institution  at  private  charge  and  not  at  the  oost  of  its 
funds,  are  about  being  publisheil  in  a  volume  of  its  Ooutributions,*  in 
aecoidance  with  a  policy  long  since  counseled  by  the  Board  of  Begents. 

Attro-physical  ObMrmUrry. — ^I  may  recall  briefly  here  the  ciroum- 
stances  which  have  led  to  the  establishment  of  an  astro-physical  ob- 
servatory as  a  part  of  the  Smithsonian  Institution. 

In  the  first  report  that  I  had  the  honor  to  present  to  the  attention  of 
tiie  Begents  in  1888  I  stated  that  preparations  had  been  made  by  the 
late  Secretary,  Prof.  Baird,  to  establish  an  astro-physical  observatory 
and  laboratoi^,  iu  order  that  renewed  attention  might  be  given  to  the 
study  of  physical  science;  It  was  there  reported  that,  in  view  of  the 
fiict  that  the  construction  of  delicate  instruments  would  occupy  a  con- 
siderable time,  orders  had  already  been  given  for  the  most  essential 
pieces  of  apparatus  for  conducting  investigations  in  radiant  energy. 

A  special  interest  was  taken  in  the  proposed  astro-physical  observa- 
tory by  the  late  Dr.  J.  H.  Kidder,  formerly  Curator  of  Bzchanges  in  the 
Smithsonian  Institution,  and  the  sum  of  $5,000  was  received  from  his 
executors  for  this  purpose  under  circumstances  detailed  in  my  last  re- 
port. A  like  sum  of  $5,000  was  presented  personally  to  the  Secretary 
by  Br.  Alexander  Graham  Bell  for  prosecuting  physical  investigations, 
and  particularly  those  upon  radiant  energy,  and  this  sum  was,  with  the 
consent  and  approval  of  the  donor,  placed  to  the  credit  of  the  Smith- 
sonian Institution  upon  the  same  footing  as  the  Kidder  bequest. 

A  temporary  wooden  building  of  the  simplest  possible  eonstnurtiou 
has  been  eret'ted  in  the  Smithsouian  grounds  Just  south  of  the  main 
building,having  been  begun  on  the  18(li  ofNovember,  1889,  and  finished 
about  the  1st  of  March,  1800.  This  building  is  not  to  be  regarded  as 
an  entirely  suitable  or  permanent  housing  for  the  instniments.  Its 
location,  close  to  travelled  streets,  is  unsuitcd  for  refined  physical  inves- 
tigation, but  the  preliminary  adjustnK'iit  of  the  instruments  and  cer- 
tain classes  of  work  can  be  effectively  and  conveniently  carried  on  here. 

The  principal  instrument  is  a  sppcially  constructed  siderostat  by  Sir 
Howiutl  Grubb,  of  Dublin,  Ireland.  Tliis  instrument  is  in  position.  A 
spectro-bolometer,  the  outcome  of  many  years^  experience,  has  been 
made  under  my  personal  direction  by  William  Grunow  &  Son,  of  New 
York,  and  has  been  received  and  mounted.  A  galvanometer,  designed 

*£xpuriincnta  iu  Auro-dynamica,  >Suutli8ouiiui  "  Cuntribaiioiui  to  Knowledge/' No 
801,  YqI.  zxvn. 
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for  the  particular  class  of  work  in  Tlew,  has  been  received^  and  was  the 
last  of  the  principal  pieces  of  apparatus  (provided  fbr  from  the  Smith* 
sonian  ftind)  to  be  put  in  place.  The  outfit  is  now  in  the  main  eom- 
plete. 

This  country  has  no  observatory  devoted  exclusively  to  astro>physieal 
research,  though  England,  France,  and  Germany  have  maintained  for 
a  number  of  years  at  a  considerable  expense  observatories  for  the  study 
of  the  physical  condition  of  celestial  bodies.  I  therefore  indulged 
the  hope  that,  in  presenting  the  matter  to  Congress  as  previously  re- 
ported, a  request  for  a  small  annual  appropriation  for  the  maintenance 
of  the  observatory  thus  founded  and  equipped  might  meet  with  &vor- 
able  consideration.  I  may  say  that  the  iunoiiut  asked  for  ($10,000  for 
annual  mainteuanci^)  has  been  appropriated,  and  will  be  avaihible  dur- 
ing the  comiiiff  hs(*al  year. 

In  adjustinj^  and  determining  the  constants  of  the  instruments,  a  work 
involving  considerable  labor,  1  have  had  the  valuable  a.ssistanceof  Prof. 
0.  O.  Hutchins,  of  Bowdoin  College,  during  a  portion  of  the  snninier 
vacation.  No  permanent  api)ointnients  of  the  assistants  who  will  be 
required  to  carry  on  the  investipvtions  oonteui plated  will  be  made  until 
after  the  appropriation  shall  liave  become  available. 

EXPLORATIONS. 

The  explorations  of  chief  importance  carried  on  by  the  Institation 
have  been  conducted  by  the  Burean  of  Ethnology  and  by  the  National 
Musenm,  and  to  the  reports  of  these  departments  reference  should  be 
made  for  details. 

PUBLICATIONS. 

The  publications  lor  the  ycai'  liavc  fontinucd  to  represent  the  nsnal 
standard  both  iu  the  number  and  in  the  general  character  of  the  sev- 
eral issurs. 

flmithsonitin  Contrihuiiofis  to  l\  noirli  ih/r. — Mention  may  be  made  here 
of  a  i»iibli<'at ion  <Mnhratang  a  eolleft  ion  of  twenty  tlir«'t' colorctl  jdates 
illustrating  tile  toicst  trees  of  North  Ameiii  a.  an  nntinisiied  work  un- 
dertaken by  the  late  Dr.  Asa  Gray,  Tiiany  years  ago,  wiiicli  although  in 
the  quarto  torin  of  tlic  Contributions  to  KnowhMlire,  w  ill  not  be  in- 
ebnled  in  volumt's  of  tliat  series.  VViiih'  \\n  nicuioir  lias  been  iietnally 
pnbli^lu'd  (luring  the  year,  a  paiier  presenting  an  sweount  of  some  new 
expcriinents  in  aero-<lynauii<*s  (already  referred  to)  is  in  eourse  of  prej) 
aration,  and  will  probably  be  through  the  press  in  August.  It  will  not 
niueh  exceed  iUU  quarto  pages  of  letterpress,  and  will  be  illustrated  by 
about  ten  plates. 

Smithsonian  M  imJI<i  iiriiNs  Colh  i-tioaft. — Am*  niuir  on  "The  ComM:;tion8 
of  Sextants  for  errtus  of  ICi  i  cnirieity  and  (iravi ration,"  by  Mr.  Joseph 
A.  TJtigers,  of  this  city.  iires(Mits  a  gocKl  discussion  of  tlie  snb)ect,  and 
hd6  a  practical  as  well  as  a  theoretical  value.   A  **  Bibliograpiiy  of  the 
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Chemical  Inflaence  of  Light^"  by  Mr.  Alfred  Tackennan,  belongs  to  tlie 
growing  class  of  reference  aids  to  investigators  and  students,  rendered 
necessary  by  the  rapidly  increasing  yolnme  of  scientific  literature. 

In  the  IfisceUaneous  OoUectionB  for  the  year  a  number  of  articles 
from  the  general  appendix  to  the  annnaJ  reports,  commonly  prepared 
at  the  expense  of  the  Institution,  have  been  oonsidered  worthy  of  re- 
publication as  separate  essays,  and  will  probably  find  their  place  ulti- 
mately in  volumes  of  this  series. 

^Wuonian  annual  r«porte.~The  annual  report  of  the  Begents  to 
Congress  on  the  operations  and  condition  of  the  Institution  for  the'year 
ending  June  30, 1888,  was  received  more  promptly  than  usual,  and  has 
been  largely  distributed.  The  annual  report  of  the  Begents  on  the 
operations  and  condition  of  the  U.  S.  National  Museum  for  the  same 
period  has  also  been  received  and  widely  distributed.  The  annual 
report  of  the  Begents  to  Congress  on  tLe  Institution,  for  the  year  end- 
ing June  30, 1889,  has  in  addition  been  received  and  distributed,  and 
the  annual  report  of  the  Secretary  to  the  Board  of  Begents  for  the 
year  ending  June  30, 1890,  has  been  issued  during  the  year. 

A  full  descriptive  list  of  the  Smithsonian  publications  for  the  year 
will  be  given  in  the  appendix. 

SMITHSONIAN  INTERNATIONAL  EXCHANGE  SEB7I0B. 

TIh"!  work  of  the  Smithsonian  Institution  through  which  it  is  perha]>8 
most  widely  known  is  its  oxchiinge  sorvico,  whoroby  in  a  direct  and 
tanjfible  manner  it  etiects  one  of  the  objects  of  its  founder,  "the  diffu- 
sion of  knnwlcd^^e  anion;;  men." 

The  cxcliaii^^e  s(M'vicc  was  established  very  early  in  the  history  of  the 
Institution,  wlien  enTtnfiimicat ion  b<>tween  scieiitiiic  nien,  particularly 
between  those  ^ti'  the  Old  and  of  the  2sew  World,  was  slow  and  expen- 
sive. Its  object  was  to  distribute  tlie  Smithsonian  publieations,  and  to 
furnish  at  the  same  time  a  <'h;iriiirl  thi(in<rh  whieli  tlie  i^nblieatioiis  of 
scientific-  meti.  societies,  and  institutions  in  this  ronntry  might  be  .sent 
to  correspondents  abroad,  and  similar  publications  i'vum  aliroad  might 
be  received  and  distributedin  America.  The  Institntion  rcciiived  heai  ty 
cooperation  m  every  dire<'tion.  The  chief  learned  societies  in  ditiereiit 
piirt6  of  the  world  ottered  their  aid  as  (listrihuting  centers  of  e.xchan^^e 
documents,  and  many  of  the  larger  steamship  comi)anies  genennisly 
consented  to  carry  exchange  boxes  free  cd  liei^rlit  <  hMrpres;  foreign  gov- 
ern n  nuts  gave  their  aid,  and  in  IHii-i  Prof.  Henry  announced  in  his 
rep<»ii  that  there  was  "no  port  to  wluch  the  Smithsonian  ]>arcels  are 
shipped  where  duties  are  charged  on  them,  a  certified  invoice  of  con- 
tents by  the  Secretary  being  sufficient  to  pass  them  through  the  custom- 
house free  of  duty.  On  the  other  hand,  all  pa<*kages  addressed  to  the 
Institution  arriving  at  the  ports  of  the  United  States  are  admitted 
witiiout  detention,  duty  free.   This  system  of  exchanges  is  ther(jfore 
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the  most  oxtiuisive  aud  efficient  which  has  ever  beeu  eiitablished  iu  my 

eoiiiitrv.''^ 

Th*'  sri  vicr  was  inimcdiaicly  tak<'ii  advantajjo oi'  by  tlx*  JiurrauK  of 
the  United  Statt's  Cioveniiiieiit,  and  hidwffii  tlic  years  1851  and  1>W»7 
it  in  estimated  that  over  2(>.(MK)  pai  kagfes  ot  (it>vri  niiieiit  ]mblit  atioiis 
were  carried  by  the  exehanife  service,  at  an  estiuKited  cost  to  the  pri- 
vate t'luuLs  oi'  tile  Institutiou  of  over  $8,000. 

Ill  ISdT  Conj?ress  reeoj:fiiizod  the  etticieney  ami  ini])<)rtance  of  this 
hraiieli  of  the  Sinit  hsoiiiaii  woik  by  assifriiinu-  toit  f  he  (hity  of  exehang- 
iii-;-  lilty  copies  oi  all  docuiueiits  print«'d  by  ordei-  of  either  House  of 
Couf^ress,  or  by  the  L'uited  States  Govci iiinent  bureaus,  for  .siiuihir 
works  published  iu  foreign  eounlries,  and  especially  by  foreign  govern- 
ments. Tliis  at  oncre  absorbed  a  very  considerable  part  of  the  funds 
which  it  was  deenu^d  expedient  to  devote  to  exchange  purposes;  for 
nearly  thirteen  years  the  burden  of  the  expense  being  almost  entirely 
borne  by  the  Smithsonian  fund. 

It  is  not  necessary  to  repeat  here  the  detailn  of  the  exchange  rela- 
tions with  the  Ch>venunent,  as  they  have  beeu  gi\'en  at  length  in 
])i'eviou8  reports,  but  I  beg  to  eall  attention  briefly  to  the  summary 
l»resented  last  year  in  these  words  : 

The  ibllowing  sums  have  been  expi^nded  from  the  Smithsoninn  fund 
for  the  support  of  the  international  exchange  system,  in  the  interests 
and  by  the  authority  of  the  National  Government,  namely,  $38,141.01 
in  e\(  ess  of  appropriations  a<lvanced  fi'om  January  1, 1868,  to  June  30, 
188(>,  for  the  exchange  of  oftieial  Goveninient  documents,  and  >'7.(>.>1.S1 
in  excess  of  appropriations  IVoin  duly  1,  1880,  to  June  30,  1SS9,  advan<'ed 
for  the  purpose  of  l  arrying  out  a  (fonveutiou  entered  into  by  the  Uuited 
States,  or  an  aggregate  of  j?45,l 75.82. 

No  account  is  here  made  ot'tiu'  rent  value  ot  tlie  ror)n)s  <m  i  ii]>ied  by 
the  exchange  i>un'au.  tliouLih  tlic  rooms  ai^  urgently  uecded  for  the 
special  pnrjxjses  of  the  lustinition. 

Tti  a«'<'ordaii<<'  with  a  resolution  (d'liii-  I loaiil  ol"  lve;ieuts,  a  nienioran- 
duni  selling  torlii  tln^  abov<*  (acts  was  transnnlted  on  llie  liOih  of  May, 
1800,  to  the  TTon.  r»eidaini?i  Hnlterwoi  tli.  a  member  of  the  Board,  in 
tlie  lloust'  ,,t  1  ;r(ti (  M  iitalivcs.  I'or  the  puipose  ot'  takiu;^  the  necessary 
sit  in  juot  ine  a  leturn  by  Cougiess  to  the  Smithsonian  fund  of  the 
sum  last  iueidione<l,  namely,  .'5l.j,17o.8L'. 

The  \  alu»'  of  the  exchange  service  having  become  widely  known  and 
appreciated,  etlbrts  were  made  by  varivms  countries  to  estjiblisli  uiore 
formal  international  relations  tbr  rlie  purpose  of  s<  i  n nng  an  inerea.Ne  in 
its  benefits,  and  on  the  loth  of  Mar(dt.  1880,  pienjpoieutiari<\s  from  the 
Ignited  States  and  various  other  nationalities  signed  a  eou\'eiit ioii  at 
Brussels  by  whieh  their  ropeetive  l;o\ (.  rninents  definitely  assumed  the 
exchange  of  oflii  ial  documruls  and  of  scientilie  and  literary  publica- 
tions between  the  count rie>  interested. 

Ueferring  now  more  espe<*ially  to  tin'  work  of  the  exchange  bureau 
during  the  past  year  and  to  its  steady  and  rajiid  growth,  it  will  be  seen 
in  the  Appendix  that  no  less  than  100  tous  of  books  passed  tlii  ough  the 
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office,  representing  0()/)0()  x>ackages — an  inereatte  of  8^094  {lackaiges  over 
the  nnmber  handled  during  the  preceding  year.  Uixmi  the  exchange 
books  acconnt»  of  publications  received  and  transmitted  are  kept  with 
18,848  societies,  institutions  or  individuals. 

The  expenditures  on  account  of  the  exchange  service  have  amounted 
to  $20,382.21,  of  which  $17,000  were  a|»pi*oi)riated  directly  by  Congress, 
$3,361.12  were  repaid  by  Government  bureaus,  and  $9.05  were  paid  by 
State  institutions  and  others,  leaving  a  small  deficiency  to  be  met  by 
the  Smithsonian  Institution. 

While  the  expenses  of  the  exchange  service,  it  will  be  observed,  are 
in  the  absence  of  rent  charge  now  nearly  met  by  the  sum  appropriated 
by  the  General  Government,  this  end  is  only  effected  at  the  cost  of 
dispatch;  and  even  this  slow  freight  is  in  many  cases  due  to  the 
liberality  of  the  ocean  steamship  companies,  a  fact  to  which  allusion 
has  been  made  in  all  recent  reports.  While  there  seemed  to  be  no  im> 
propriety  in  acoepting  the  generosity  of  these  companies  when  it  was 
to  be  regarded  as  a  direct  contribution  to  the  philanthropic  aims  of  the 
Institution,  it  does  not  seem  proper,  where  so  much  of  the  freight  now 
carried  is  Government  property  and  the  service  is  <'(>n<lucted  under  an 
international  treaty,  that  we  should  impose  on  tins  liberality  further, 
yet  if  tlii8  privilege  should  be  withdrawn  the  service  would  be  most 
seriously  crippled. 

An  appropriation  is  also  needed  to  give  efiect  to  the  treaty  of  Brus- 
sels, wliicli  calls  for  an  immediate  exeliange  of  parliamentary  annals. 
A  bUl  making  an  appropriation  ot  )^2,0(Hl,  estimated  as  necessary  tor 
this  purix)se,  passed  the  Senate,  but  tailed  to  comenp  for  consideration 
in  the  House  of  Bepresentatives. 

I  may  mention  also  that  the  difliculty  of  making  provision  for  the 
storage  of  the  surplus  copies  of  Government  publications  intended  for 
foreign  exclitinge  is  em^h  year  IxH-oming  great4M%  and  it  is  ne^-essary  to 
store  many  boxes  of  valuable  docunients  in  a  liasement  which  past  ex- 
perience lias  shown  is  liable  to  be  flooded  with  water.  This  i\u't  I  con- 
sider it  my  duty  to  bring  to  the  attention  of  Congress  flint  such  action 
as  it  deems  lit  may  lie  taken  to  protect  thii^  public  property. 


The  acxtessionsto  the  library  have  been  recorded  and  cared  for  as  dur- 
ing the  la.st  fiscal  year.  The  following  stuteraent  shows  the  number  of 
boolLs,  maps,  and  cliarts  received  from  July  1, 181)0,  to  June  30, 1891 : 
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Of  these  aecessions,  7,720  (namely  424  voltimee,  6,413  parts  of  volitmes, 
and  883  )>nmp1ilets)  were  retained  fornaeattlie  Nati(»iinl  Mofieum  Li- 
brary, and  754  medical  dissertations  were  deposited  in  tlie  Library  of  the 
Siirgeon^General,  U.  S.  Army;  tlie  remainder  were  promptly  sent  to  the 
Library  of  Congress  on  the  Monday  folio win  ir  tli«*ir  receipt. 

The  leading  room  continnes  to  ])r  :v(  ii  u  <vd  by  those  who  have  occa> 
sion  to  consult  tlie  current  scientitic  liteiat  nre.  As  i  he  number  of  boxes 
available  for  holding  periodicals  is  strictly  limited  by  the  size  of  the 
room  theonly  way  t'»  Mnikeroom  for  the  installaticm  of  new  and  desirable 
journals  is  to  remove  those  which  are  found  to  be  least  consulted  or  which 
hav4^  ceased  publication  during  the  year.  This  was  done  by  the  librarian 
during  the  spring  of  lH*n. 

Four  hundred  and  fifty-six  boxes  arc  now  occui)ie<l,  leaving  sixteen 
to  be  tilled  by  new  a<'ccssions  dm  iiiij:  the  next  fiscal  year.  Of  the 
journals  romovcd  from  tlic  reading  room,  such  as  ^v<)^ld  be  of  perma- 
nent use  iu  Mie  scieiiliiic  W(»rk  of  tlie  Institnt  ion  Avere  traiistei  rt'd  to  the 
Library  of  the  Natitmal  Museuuij  the  remainder  were  forwarded  to  the 
Library  of  OongrcHs. 

It  w  ill  bi>  remembered  tliat  when  I  first  Ijecame  coTinected  witli  the 
Institution  as  assistant  secretary  I  forn»ulat<'d  ;i  plan,  the  details  of 
wliich  will  be  ftuiud  iu  my  report  for  1887-'.S<S,  for  enlarging  the  a^-ces- 
si(ms  to  the  library  so  as  to  cf)ver  more  coin]>letcly  the  field  of  scientific 
knowledge,  and  also  tor  ('oini)leting  the  series  of  scientific  journals 
already  in  tJie  possession  of  the  lustitutiuu  which  for  any  reusou  aie 
imperftu't. 

As  stated  in  my  report  for  1889,  the  work  of  executing  the  i>]an  was 
commenc<»d  on  June  1  of  that  year  and  has  ))e<'i)  assiduously  curried 
on  ever  since,  it  is  nowra]jidly  apjirouching  t  oinidet  ion,  and  it  is  esti- 
mated that  it  will  re(piire  but  a  lew  months  of  the  next  fiscal  yciir  to 
bring  the  work  as  originally  planned  to  a  Icrminatiim.  So  rapid,  how- 
ever, has  been  the  advam*eof  seienlilic  tlioughtin  the  interval  sim-e  the 
preparation  of  the  list  that,  although  the  utmost  vigilanee  has  been  ex- 
ercised in  watching  for  the  appearance  of  new  scientifi<'  jjuirnals,  it  is 
]U'ol)al)le  that  very  many  su<  h  have  newly  appearetl  which  have  escaped 
notice.  A  certain  auKuint  of  supplementary  work  will,  therefore,  be  re- 
quired to  make  the  exchange  lists  c<uiform  with  the  present  status  of 
the  periodical  lit«'rature  of  science  antl  in  a  very  minor  degree  of  art. 

A  list  of  the  new  exchanges  will  be  found  in  the  Ap])endix  (Re]>ort 
of  thi^  Librarian),  which  also  includes  a  list  of  important  accessions 
outside  of  the  regular  serials. 

It  may  be  remembered  that  in  my  i'(^i)ort  for  1887-'88, 1  spoke  of  a 
certain  limited  number  of  books,  not  forming  part  of  the  Smithsonian 
deposit  in  the  Library  of  Congress,  obtained  by  purchase  from  the 
Smithsonian  fhnd  and  retained  at  the  Institution  under  the  name  of 
the  "Secretary's  Library.'' 

These  books  are  mostly,  but  not  exclusively,  books  of  scientific  refer- 
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enoe,  certaiii  art  aerials  being  included  among  them^  and  tbongh  all  are 
kept  in  the  Secretary's  ofKoe  they  arc  at  the  service,  under  certain  neces- 
sary restrictions,  of  all  connected  with  the  Institution. 

This  collection  numbers  at  present  nearly  .»0()  Nolunies,  and  while  it 
would  be  highly  desirable  to  enlarge  it  still  further,  this  is  i  endered 
almost  impracticable,  because  the  Secretary's  offlcx^  is  already  tilled  nearly 
to  its  utmost  capacity.  It  is  not  possible  either  to  placre  the  collection 
of  works  of  r<  f'(  I  <mce  under  the  immediate  charge  of  the  librarian,  as 
the  rooms  which  he  occupies  are  already  over-crowded,  while  the  room 
on  the  same  floor,  which  would  naturally  be  the  one  to  whi(  li  tlie  library 
would  be  ex  ten  (led,  is  occupied  as  a  shipping  office  by  the  Bureau  of 
International  Exchanges. 

It  is  to  be  hoped  in  the  intcrcsr  of  the  library,  then,  as  well  m  of  the 
Bureau  itself,  that  Congress  will  provide  the  additional  quarters  wbicb 
have  been  asked  for  the  latter. 

MISCELLANEOUS. 

Portraits  of  Begents,— The  Institution  is  under  obligation  to  the  Chief 
of  the  Bureau  of  £ngraying  and  Printing  for  copies  of  engraved  por- 
traits of  several  former  Begents  of  the  Institution,  wiuch  had  been  pre- 
pared for  official  purposes. 

Statue  of  Robert  Pale  Owen. — A  bill  appropriating  $20,000  for  a  statue 
of  Hon.  Robert  Dale  Owen,  of  Indiana,  who  was  among  the  first  and 
most  at^tively  interested  Begents  of  the  Institution,  was;  introduced 
in  the  Senate  on  December  0, 1890,  by  the  Hon.  Daniel  W.  Voorhees,  and 
was  passed  on  the  same  day  by  the  Senate,  but  failed  to  secure  favor- 
able action  in  the  House  of  Representatives, 

iStatue  of  Prof.  Baird. — I  have  the  honor  again  to  call  the  attention 
of  the  Regents  to  the  bill  which  wns  passed  by  the  Senate  in  February, 
1888,  providing  for  a  bronze  statue  of  Prof.  Baird  in  rci  ognition  of  the 
distinguished  services  rendered  his  country,  and  I  venture  to  express 
the  hope  that  this  suhjcct  may  receive  the  earnest  consideration  of  his 
many  warm  friends  in  both  Houseii  of  Congress. 

Cfipron  collection  of  Japanese  workft  of  art. — ^Vn  appiopt  iatiou  of 
$10^000  for  the  purchase  of  Mu^Capron  collection,  which  has  been  for 
several  years  on  deposit  in  the  Museum,  was  included  in  the  sundry  civil 
act  for  the  year  1S<>I-M)2,  then'by  sin-uring  this  valuable  coUectiou  of 
Japanese  works  (d'  art  to  the  Government. 

Perkins  collection  of  prehistoric  implements. — The  dofirioTiry  bill  ap- 
proved October  1,  1800,  contained  an  appropriation  of  )!57,00O  to  eiiaJ)lo 
the  Secretary  of  th<»  Smithsonian  Institution  to  ])nrf]iase  of  Mr.  iMcd 
erick  S.  Perkins  his  colletition  of  prehistoric  iinplenients.  This  sum 
was  duly  ])aid  to  Mr.  Perkins  and  the  coUectiou  received  and  dex>oi>ited 
in  the  National  Museum. 

Meteoroloffical  records. — la  areotdaiieo  with  arran^i  incuts  made  with 
the  Chief  Signal  Otflcer,  U,  S.  Arm^-,  Gcu,  A.  VV.  Grcely,  the  meteoix)- 
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logical  rrroids,  ibi  ining  a  portion  of  tlio  arclnvos  nC  t  lie  Smithsouiau 
Institution,  and  representing;  a  considt  rable  amount  of  work  accom- 
plished ]>y  it  in  earlier  days.  lia\ c  been  t<'iti])orarily  triinsferred  to  the 
8i.irnal  Ollire,  and  d<»]K>sitrd  t licit'  in  a  tirepniof  vault  for  (aistody  and 
storage.  Tlu'sr  iccdkIs  sn  ve  to  carry  back  the  iueteor<>l(»<;ica1  o))s('r- 
vations  of  the  JSiijnal  Service  as  far  as  tke  year  1S4U.  They  consist  of: 

340  l)ouiul  voIiiiiu'H  of  inoiitlily  reports  by  obsorviTH  from  1840  to  1873,  inclosive. 
f5  voluitit  s  of  n'fonlH  umdent  the  Sinithsoiiiaii  lii>'f itut ion. 
47  |ui.si«  bo.ud  boxes  of  mi!iet'lluui:uu»  rcconh  bv  bHality. 
64  jiapor  pHt  ka<{C8  of  luUcallaneouB  records,  scraps,  etc. 
15  miscellaneoua  noto-booka. 

1  lar^''  i>  u  kaj»e  of  maauftcript  folio  sheets,  observAtionv,  survey  nortliweetidrxi 

lakrs. 

7  royal  oct4»vo  boiiiul  volnnu's,  jn  inti  d  reportH. 

Bequest  of  T>r.  J.  H.  liailcif. — Infoi  niation  has  been  received  that  Dr. 
J.  K.  Baile>',  late  of  Olmstead,  Ky.,  liafi  devised  his  library  to  the 
Smithsoaiau  Institution,  and  the  necessaiy  steps  will  be  taken  to 
acquire  possession. 

AKsiffnnwnt  of  room f!  for  Hcientifle  work, — baitemeilt  room  especially 
suited  lor  delicate  physical  Dieasnrenients  on  a<*connt  of  its  freedom 
from  tremor'  has  be4Mi  used  by  the  oHic^ers  of  tlie  United  States  Coast 
and  (reodeti(^  Survey  for  nndving  pendulum  observations. 

Htcrcotiipe  pUttcx. — Owing  to  the  more  urgent  demands  of  current 
work,  but  little  progress  has  been  made  in  examining  ami  re-arranginjj 
the  stereotype  plates  of  the  i>ublications  of  the  Institution.  I  hope  U> 
make  arrangements  duiiug  the  coming  year  to  push  this  work  to  an 
early  com)  Oct  ion. 

The  st(  rcot.N  pe  phites  and  engraversMdocks  are  cheerfully  placed  at 
tin>  disj>osal  of  pidtlishciNS  for  supplementing  or  illustrating  scieutihc 
works  privately  issue<i. 

U.  S.  NATIONAL  MUSEUM. 

In  my  representations  to  Congress  during  rccmt  years  1  have  I'elt 
called  upon  to  insist  upon  two  points:  First,  tliat  the  collections  have 
increased  so  rapidly  tliat  additional  S])ace  is  required  for  their  ])roper 
administration,  and  that  unless  more  space  be  provide^l,  the  growth  of 
the  nati<^n:d  collections  must,  to  a  large  «»\'teiit.  Ix-  interfered  with: 
and  secondly,  that  the  collecticms,  altlnm.uh  growing  lapidly  in  cei  taiu 
directions,  are  imt  developing  in  such  a  symmetrical  and  consistent 
niauTiei-  as  is  essential  Ui  the  necessities  of  tlie  work. 

I  leel  justitied  in  assuming  that  it  is  tlie  intention  of  Congress  that 
the  National  Museum  oftln?  United  States  shall  be,  as  tar  as  a  iiniseimi 
can  be,  a  woriliy  exponent  of  the  natui  al  resouK  cs  and  seieiitilic 
achievements  ot'  tlie  nation,  that  it  shall  l»e  \vr»rtli\  of  the  attention  of 
visitors  to  tlie  capital,  nnd  tiiat  it  shall  i>ei  loi  in  its  ]ii o]>er  fnnetions 
as  one  of  the  scieutiiic  departments  of  the  Government,  and  shall  ulsu 
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promote  the  scientilic  and  eduratiomil  iiitercst.s  of  the  t  ountry  at  hirg:e. 
Tliis  beiiijr  afranted,  it  is  essential  not  <tiil.\  that  the  eollectious  should 
grow,  aud  <^row  rapidly,  iu  order  to  k<'ij)  iiat-e  with  the  uiaterial  tind 
intellectual  development  of  the  count  ly,  but  also  that  a  tompitcut  stall 
of  curators  should  be  ccmstautlyat  wt»rk,  developing  by  scieutitie  study 
aud  publishiti";  under  the  auspict's  of  the  (Tovernuient  the  fa4*ts  which 
are  essential  to  tlie  correct  understanding  of  the  nuiterial  under  their 
charge,  preserving  the  collections  from  destruction,  and  arranging  and 
classifying  them  in  such  a  manner  that  they  shall  be  immediately  ac- 
cessible to  the  students  of  science  irom  all  partn  of  this  country  and 
from  abroad,  who  are  constantly  visiting  Washington  for  the  purpose 
cf  consolting  the  collections  of  the  Government  in  connection  with  their 
own  acientiftc  studies. 

On  tUs  account  it  is  a  critical  time  in  the  liistory  of  the  Museum* 
Such  is  the  competition  for  material  that  the  National  Museum  of  tiie 
tTnited  States  is  unable  to  hold  its  own  not  only  with  foreign  govern- 
ments and  with  local  museums  in  other  American  cities^  but  is  even  at 
a  disadvantage  when  its  collections  are  compared  with  those  of  many 
private  collectors.  For  instance,  there  are  in  this  countiry  several  pri- 
vate collections  of  minerals,  arclueological  objtn  ts,  as  well  as  of  speci- 
mens relating  to  the  various  departments  of  zodlogy,  the  promoters  of 
which  can  seemingly  afford  to  pay  more  for  any  choice  objects  needed 
to  complete  their  collections  than  can  the  Government  of  the  United 
States.  It  is  somewhat  mortifying  to  see  collections  of  American  ob- 
jects, which  a  few  years  hence  will  undoubtedly  be  recognized  by  every- 
one as  essential  to  be  preserved  in  the  National  Museum  of  this  country, 
taken  away  to  foreign  countries  because  their  value  is  more  highly 
appreciated  there  than  at  home.  Whatever  may  be  considered  tlie 
proper  functions  of  the  National  Museum  of  the  United  States  in  regard 
to  other  matters,  it  will  always  be  expected  that  in  the  national  capi- 
tal the  collections  illustrating  ethnology  and  the  natural  resources  of 
this  continent  will  be  fully  as  imposing  as  in  other  similar  establish- 
menta,  and  that  the  national  collections  should  compare  fovorably  with 
those  in  other  American  cilies,  and  will  in  respect  to  American  material 
surpass  those  in  any  fbrdgn  capital. 

It  is  not  my  wish  to  depreciate  the  importance  of  what  has  already 
been  done  by  the  Government  f(»r  the  advanccmentof  scientific  research, 
for  in  most  of  the  fields  in  which  really  serious  work  has  been  accom- 
plished, the  National  Museum  is  at  least  equal,  and  <  >t  ttm  superior  to,  any 
other  iti  the  Tnited  States,  but  the  eft'ortto  maintain  the  collections  on 
this  footing  will  be  much  more  difTi<Mdt  hereafter  than  in  the  past.  It 
would  be  unfortunate  if  students  of  American  natural  history  andethnol> 
ogy,  who  have  hitherto  been  obliged  to  come  to  Washington  iu  connec- 
tion with  their  studies,  should  hereafter  hud  it  more  advantageous  to 
consult  privati)  collections  in  other  parts  of  this  country. 

Qrawtk  of  the  ooUectians,—ThQ  growth  of  the  national  collections 
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siuce  1S81,  wluMi  the  uew  bnikling  was  completed,  lias  been  probably 
iinpromleiii  (  1  in  th*^  history  of  tiiuscuius;  mid  this  has  rendered  it  nec- 
c'issiu'y  to  c^iiiiiln  .  I  force  of  yi(  n  pro]>ortionatfly  larger  than  is  found  in 
most  mnseiinis,  m  order  tu  iitili/c  ilic  material  to  the  l>cst  adv;uit«|?e. 
Notwithstiiiidiiijr  tliis  fiwt,  the  ;i.i:.urc;j:ate  ap]»ropriatioH  niiuU'  by  the 
United  States  tor  museum  puiposes  is  smaller  than  that  of  many  Itireiga 
governments. 

The  Museum  ])iiiUliiig  hns  now  hccn  occiipie<l  oiio  deca<le,  and  during 
this  time  the  U>i:i\  tinmln'r  of  spccimi  us  of  all  kind's  catidoguecl  ami 
reiuly  for  exhibition  or  study  has  increasetl  from  about  11>3,0(K)  to  niore 
tlian  3,(H  10,000. 

Curatortfhipit. — The  scitnititic  <lt3partuieni  s  of  the  Museum  &ve  not  yet 
all  supplied  with  curators.  The  number  of  separate  depart  men  i>  and 
stH'tious  is  now  and  h  .^s  than  one-third  of  tliis  nnml)er  is  uiuler  the 
«*harge  of  curators  paid  from  the  Mnsotim  tund  and  able  tlierefore  to 
devote  all  their  time  to  Museum  woi  k.  I»y  tar  the  larj^er  number  of 
the  scientific  departments  is  under  the  charge  of  olHcers  of  other  depart- 
ments of  the  Government  service  (tor  instance,  the  Geological  Survey, 
the  Department  of  Agriculture,  the  Bureau  of  Ethnology,  and  the  Fish 
Commission),  who,  although  they  render  most  important  services  in  the 
way  of  supervision  and  general  dii-ection  of  the  work,  are  necessarily 
80  occupied  with  their  own  peculiar  administrative  duties,  that  they  can 
not  devote  very  much  of  their  time  to  the  devel<q>ment  of  the  collec- 
tions under  their  cliarge.  Three  impoi-tant  zoological  departments  have 
for  a  great  many  years  been  under  the  charge  of  officers  of  the  Fiah 
Commission,  Under  the  administration  of  Professor  Baird,  who  was 
at  once  Commissioner  and  head  of  the  Museom,  it  was  considered  proi)er 
that  they  should  gi\  e  a  considerable  i>ortioii  of  their  time  to  Museum 
workf  which  was  directly  tributary  to  the  results  which  Professor  Baird 
was  desirous  of  producing  in  connection  with  the  service  under  his 
charge.  Soon  after  the  death  of  Professor  Bairil  it  became  necessary 
for  these  men,  althuagh  still  retaining  their  positions  as  honorary  cura- 
tors in  the  Museum,  to  devote  nearly  all  of  their  time  and  attention  to 
matters  relating  to  the  Fish  Commission.  If  it  were  iiossible  to  employ 
experienced  men  as  assistants  in  these  departments,  as  weU  as  under 
the  other  honorary  curators,  important  advantages  would  manifestly 
results  At  all  events,  it  is  absolutely  necessary  to  have  a  curator  or 
assistant  curator  appointed  to  take  cliarge  of  the  work  in  each  depart- 
ment, in  order  tliat  the  material  collected  at  considerable  expense  by 
the  Government  shall  be  properly  arranged  and  identified,  and  that  the 
results  of  the  work  shalli  be  published  for  the  advancement  of  science. 
Tliis,  however,  can  not  be  done  until  Congress  shall  see  fit  to  make 
more  liberal  appropriations  for  the  maintenance  of  the  Museum. 

Increa$e  in  correspondence, — ^Within  the  past  three  years  there  has 
been  an  astonishingly  large  in<»:ease  in  the  number  of  calls  upon  the 
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Mns4'uin,  vory  larp^ely  by  ^rcmiuM  s  nf  Congress  and  tlirougli  them  by 
their  constitneTirs,  for  scieutilie,  iiitni  itiaf  iou  of  all  kinds,  fur  ct>Ile«'tions 
in  variiMis  depai  1  uients  of  natural  liistory  (srientiHcally  arranged  and 
iiiiDird,  lor  the  n<(  (•!  schools  and  colleges),  for  books  and  services  of 
many  kmds,  in<  hidnig  the  examination  and  ideutilication  of  minerals, 
ore.s,  animals,  plants,  ete.  Tt  is  (|iiite  safe  to  say  that  during  the  hist 
three  or  four  ycsirs  the  corresiHiiidenee  of  the  Museum  has  (ina<lrui)h'd. 
SiKMiial  pains  have  been  taken  n(^t  only  to  rejjly  to  all  eotninuuiea- 
tions  in  fnll  and  with  great  care,  but  U)  reply  promptly,  in  accordance 
with  the  constantly  increasing  demands  for  rapid  action  on  the  part 
of  the  public  officers  in  VV'^k»hingt<m. 

/Salaries. — The  .salaries  paid  to  employes,  especially  clerks,  eopyists.and 
skilled  mechanics,  are  much  less  than  thos»»  \vhi<  li  are  paid  for  similar 
serviees  in  the  ExiH  iitive  Departments.  !Many  of  our  most  useful  assist- 
ants have  been  drawn  away  from  the  stall  and  called  to  places  in  the 
Executive  I)ei)artments,  where,  althcmgh  the  resi>onsibilities  are  no 
greater,  they  receive  much  larger  rates  of  pay.  It  is  quite  essential 
for  the  efficiency  of  the  servi<^e  that  the  stipend  of  persons  of  this  class 
should  be  increased — not  necessarily  to  the  amounts  current  in  the  Execu- 
tive Departments,  but  to  such  iigui  es  as  will  render  it  possible  to  retain 
useful  employ<^s  after  they  have  been  lalxnioagly  trained  and  i)repared 
fbr  their  work.  Wtthin  a  year  or  two^  three  stenographers  and  type- 
writers have  been  drawn  away  ftom  the  oi&ce  of  the  Assistant  Secretary 
in  charge  of  the  Mnseum. 

Need  of  additUmal  MManee^^lt  is  ahsolately  necessary  to  have  the 
collections  taken  care  of  as  fast  as  they  are  received,  and  although  they 
can  not  all  be  prepared  for  exhibition,  owing  to  lack  of  assistance  as  well 
as  want  of  exhibition  space,  yet  the  mere  preservation  of  the  specimens 
from  destruction  implies  very  great  labor,  especially  in  the  case  of 
so51ogtcal  objects.  Taking  into  consideration  the  fact  that  there  are  now 
about  thirty-three  distinct  scientific  departments  in  the  Museum,  to  each 
of  which,  on  an  average,  three  persons  at  least  are  attached,  it  will  be 
readily  understood  that,  after  all  the  expenses  have  been  met  for  the 
preservation,  care,  and  exhibition  of  the  specimens,  very  little  remains 
for  maintaining  the  administrative  force.  The  need  of  additional  intel- 
ligent clerical  assistance  is  Mt  in  every  branch  of  the  administrative 
work.  For  instance,  to  the  regular  duties  of  the  chief  clerk's  office  has 
been  necessarily  added  the  management  of  the  financial  matters  con- 
nected with  the  preparation  of  the  exhibit  for  the  World's  Oolumbian 
Exposition.  In  the  division  of  correspondence  the  increase  of  work  has 
been  very  great,  and  no  less  than  10,000  letters  are  now  reqoired  to  be 
written  where  2,500  suffic^'d  only  a  very  few  years  ago.  A  similar  in- 
crease of  work  might  be  cited  In  all  the  other  administrative  oflices,  but 
the  means  for  providing  adequate  assistance  are  not  at  hand.  In  this 
way  it  has  happened  that  the  appropriations  have  been  largely  used  in  the 
maintenance  of  the  scientific  departments  to  the  great  disadvantage  and 
H.  Mis.  a34,  pt.  1  2 
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impairment  of  the  administrative  work  of  tlie  Museum.  Those  matters 
have  already  been  represeut^l  iu  strong:  terms  in  previous  repurT^.  and 
the  Secretury  has  takeu  every  available  means  of  callinfr  attenti..!)  to 
the  datijjrers  which  beset  tlie  National  Museum  owiii;;  to  tlie  insniii- 
cieney  of  the  appro])riati()iis  made  by  Congress  for  its  maiiiteiiaiice.  It 
is  only  necessary  to  iuld  iu  this  place  that  the  sum  meutioiu'd  in  the 
statement  aecompanyinjj  the  report  for  1861)  (|)p.  .H,»-.>.S  ).  as  thm  recjiiired 
for  services^  was  prepared  in  response  to  a  Senate  resoliiiion  asking  for 
a"schednUi  of  the  elassitied  service  of  the  ollu  ers  and  enij)h)yes  of  the 
National  Museum,"  and  represented  the  needs  of  tlie  Museum  at  that 
time.  Since  then  tlu're  have  Ikmmi  huge  increases  in  ahnost  every  de- 
partment of  the  Museum  workj  and  if  I  were  now  prepariripf  a  siniihir 
statement,  I  sliould  tind  it  necessary  to  make  a  corresjmnding  increase 
in  the  totals  of  the  several  divisions  of  the  schedule  referred  to. 

The  operations  of  the  Museum  in  all  of  its  departments  for  the  fiscal 
year  ending  June  30, 1891,  are  fidly  discussed  in  the  report  of  the  Assist- 
ant Secretary  in  charge  of  the  Museum,  and  therefore  reference  to  the 
work  of  the  Museum  will  here  be  restricted  to  some  of  the  most  impor- 
tant general  features. 

Aoce$8ian8, — Teti  years  ago  the  Kational  Museum  moved  into  a  new 
building,  and  the  present  year  thus  marks  the  close  of  a  very-  important 
decade  in  its  history.  The  increase  in  the  eoUections  during  this  period 
has  been  unexpectedly  lai-ge,  the  accessions  from  all  sources  now  num- 
bering 3,028,714  specimens.  In  1882,  when  the  first  census  of  the  col- 
actions  was  made,  the  total  number  of  specimens  was  estimated  at  less 
than  196,000.  The  totally  inadequat^^  spai'e  provided  for  this  vast  accu- 
mulation of  material  has  been  so  frequently  commented  upon  in  pre- 
vious reports,  that  it  is  not  necessary  to  reiterate  the  urgent  recom- 
mendations which  have  been  made  to  Congress  for  another  building. 
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'  Nn  congns  of  ritll«»rtion  fak»>n. 

'Xheiu-tiial  iMcn-aae  in  tlu^  t  oUections  during  the  year  li*89-"$¥)  is  much  jn^iler  tluin  appciara  fn»ni 
aeonp«i«on  or  tlu;  totlriii  Tor  IKsit  imd  for  H'K).  Thin  in  cxplain^l  by  tbn  njtpart^nt  aimonco  of  any 
increast' in  th«'  Tk'paittufnt'*  of  Litholoxy  and  MoUlliirKy.  the  total  for  1890  in  both  of  these  deuarV- 
nii'ntH  i  cMnbin<  d  snowing  a  drcrraite  of  4a|314  apwinu-ns.  owin^  to  tho  n\i<'<  tion  of  worthless  raatc-riaL 

*  AitboiiKb  aboul  200  RpeciiueoA  hare  u««n  rec«iv(<4l  duhnc  the  year,  the  total  nnmber  of  apecimana 
in  t  h«<  t  oiirrt  ir>n  ia  now  fcaa  than  that  Mtimat«d  for  1889.  owing  to  tUe  nqjaotlon  of  ironldeaa  VMtarlali 

^  The  ooUeoUoii  now  tontaina  between  3,000  and  4,000  apedmeDa. 

*  Ifo  aatimata  of  Incrcaaa  made  in  1890  or  1801,  ^  , 
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18e8-'87 


I 


5,516 
877 

n\ 

10,  078 
2.822 


lfl87-'8e. '  1888-*80.  |*I88»-*90. 


5v7«S 
877 

3,14-1 
10, 078 
2,822 


5,043 
Oil 

:i,  222 
10, 078 
2,948 


1,111 

3.288 
10.080 

2,  949 
4 


13,034     14.040     14,800  S0,880 


4271 


*000 


1,472 
»600 


441 


1880-*01. 


1.111 

3.288 
10,080 
2.004 
974 


54t 
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▲rto  and  indiutriw— 

Xodeni  pottefy.por 
e«laiii,uidbr«utM 

Pa!nt><  nnddyw.... 

PhTsfeal  aypantoa 

C>iUan<I  ^iniH  

Cbpmiral  jiriKlnrtB 
Domestic  animals. . 
EHhaologj  


1881. 


1883. 


!  I 
188t.     I1885-*88.j  l886-'87 


pottery   . 

Oriuntal  antiquitieti. . 
Pnhisloilo  nUixo- 

ICmaials  (akfns  and 

•l4»bdlScH)  

BinU  


2.278 
77,' 
500 
250 
107 


2,238 
100 
500 
251 

ItWi 
081 


]887-*88. 


1.  <M  1 
100 
600 
251 
l'»8 
601 


S00,00ol   500,00ol   503,7M|  506.464 


rhi;ins 
I'Uhvs . . 


85,512 


4,060 
44,354 


12,000     25.000  28.022 


50.000 
88,876 


40,481 


4.  ICO 
47.246 


65,000 


45,858 

50, 

40,072 

2n.  4»r. 

08.000 


06,814    101,650  106,631 


27.122 


MoUnalcs  

InwrtxS   1  • 

ilariuo  iovertobrates  ,  11,781  14, 82o 


8,585  3.640 

70  lo:! 
20,000 


Anatotiiy 
PalflM>Xoi<'  foHsil-i 

[>ii:  fitiMils 


400,000 

ir.i.iKM) 

200.000 


7,  4S1 
55.  m5: 
44,163j 

25.  :H4 
75,  000] 


7,811 
54.087 
48.178 

27.  542 
100,000 


400.  000 
500,000 
350,000 


8,068 
56,484 
50,066 

27.064 
101.3501 


1888-'8». 


•1888.*80, 


3.011 
100 
500 
251 

213 
688 


8,182 
107 


112 


506,324 


850 


18B0-'91. 


86 

508,830 
3,485 


3. 144 

W 

(') 

273 
1,118 
87 


116,472  188.677 


8,275 
57,074 
50,173j 

28, 406 
107,350 


10.210 

3,  (XX)'  ) 


73,  000.     80, 482 
100,00o|  00,742 
(Inolnded  with  moUnsks.)  ' 


Fossil  ]i1.intii  

K*T«Mit  iil;int**  

MiuerulH  

Litlwlogy  and  ptiyai- 

eal  geology  

Metallargy  and  eoo- 

nonlo  geology  

Ltriog  antmala  


8,075 


4,e84| 
14,560 


7,291 


16,61U 


12.5001  18.000 


30,  OUU      4U,  IMK) 


7.429 
30,  <XH) 
18,401 


425, 000 
585,000 
450.000, 

I 

11.022 

84,401 
70,775: 

8.402 

:t2.  (K)0 
18,001 


45.''>,  m> 

5(t5.  txxi 
515,000 

11.". 

84,040 
70,025 

10,  «H»0 
3S.  <HK1 
21,«MJ 


I  OS,  (MMi 

cm,  (100 

515,300 

I 


8,836 
60,818 
51,841 

29,060 
122,575 
4S18| 

471,500 

018.000 
520.000 


510, 


30,488 
3.487 

187,781 

9,  mi 
08.601 
58,166 

■J'.i,  '.•:!5 
127,312 

sn 

476,500 

6.30,000 
520,  75U 


II, 


rj.326'  12,081 


20,647     21,500  22,600 


Total   190,362  26:1,14311,472,600 


4'<.000 


2,420.944 


49,000| 


51,412 
220 


01,  121! 
71.236 

I 

10. 178 
3<,  4.'>0 
27.  OIK) 

27,000 

52. 076 
'481 


'J2, 355 
71,a05| 

I 

10.  5<)7 
311.  OVI 
37. 101 


•32,762 


2, 600, 33.'ij2,  MU.  450  2, 864. 244j8. 886, 164^088, 714 


92,070 
78,754 

10,685 
HO,  617 
44.236 


64,168 


I  Ko  census  of  collection  taken. 

■Tlie  actual  Increase  in  tho  collwtioni*  durinjj  till' vear  1889-"flO  in  mm  h  ^'n  atci  ilum  .njijx  Imtn 
aeonparinon  of  Ihi' totnlM  for  1889  and  for  18'.m).  Tfiin  is  expluined  K\  ilu-  ii|i|i.iri'iii  ;il>^«-iii  <-  nt  aiiv 
Ittcrease  in  the  I><-|Mirtnu-nt.s  of  Litboio^.v  and  M^'tallnrjcy,  tlio  t4>tfll  l«>i  in  lioih  of  ilit\s<<  dt  part- 
M— ta  combined  Hliowins  a  decrrcw  nf  40,314  specinu-tiH.  owin^  to  tlio  rfjtH;liuu  of  wortliiL>s-<  material. 

■iBclnded  in  tiio  blatiincal  collection. 

<OaJj|r  a  Hmall  pQctkai  of  the  ooUection  repreaentetl  by  this  niinilier  wiw  rorcivtHl  during  tho  year 

*  Up  to  1800  th* MMiriwn  bare  rofcrpn^o  onlv  to  npAcimcns  m'<>iv«Ml  tbniugb  tho  Musouni.  and  do 
notlBclodo  apeflteMli  Moeived  for  the  Kntioniil  Ilorbariuni  thniiiKh  the  Depnrtnicntof  AgriciiUiiro. 

Tbe  flgurM  given  fbr  1880-*81  iaclode  for  the  first  time  the  total  nuinber  of  Hpecimens  received  both 
at  ilM  National  Moaeam  and  at  tbe  DaMurtment  ot  Agricullmre  t&r  tlio  National  Uerbariutu. 

•Collections  combined  In  Oetober,  IMB^  Wider  Denartment  of  Geology.  Tiie  Apparent  decrease  of 
more  than  60  per  cent  of  tbe  estimated  total  fwr  18W  is  accounted  for  (1)  by  the  tt^ection  of  several 
thonaoada  of  apecimenrt  from  the  collection,  and  (2>  by  tho  fact  that  no  estimate  of  tbe  specimens 
Ib  the  reserve  and  duplicate  iteri(«tt  is  indtidctl.  Of  tho  tot^U  for  1890,  about  16,000  specimens  cobslst 
obieHy  of  petrouniphical  material  storeii  away  for  study  and  comparison  in  tbe  drawers  of  table  cases. 

»Tninj»f.Tr<«l  to  tin-  National  Z<Milonic!il  I'ark. 

NoTK.  'I'Ih'  liirt  tliiit  tli<'  liiTun  s  lor  two  .sin  i  <  -*>*ivf  vt  ar.-i  ri  latiii_'  to  tlif  sann-  collection  anMiu- 
chanced  does  nut  UMX»uurily  iiuply  that  there  h:iH  Ix^eu  no  increa.st'  111  the  l  olU-ciiou,  but  that  fur  sume 

I  kaan  poaaible  (o  obtain  the  flgorea  showing  tbe  Inoraase. 
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The  WorliTs  Columbian  Exposition. — Mention  was  made  in  the  last 
report  of  the  provision  mado  b\  Congress  for  holding  an  exposition  in 
the  city  of  Chicago  in  1893  for  the  purpose  of  celebrating  the  four  hun- 
dredth anniversary  of  the  discovery  of  Ani«  rica  by  (^hristopher  (^ohini- 
bus.  Dr.  G.  Brown  Croodo  was  upon  my  ii<miination  apinuTitcd  by  the 
President  the  r('|)ics(*iitative  of  the  Sinitlisonian  Institution  and  tht^ 
National  Museum  upon  the  Govern luetit  Board  of  Managers  and  Con- 
trol. Dnring  the  latter  part  of  tlic  ycnr  tlie  Treasury  1  )ei>artnient  de- 
cided that  })etweeii  $30,000  ami  i^40,(Ml()  were  available  for  expendi- 
ture in  conned itm  with  the  preparation  ni'  the  Ooverrunent  exhibits. 
This  snni  was  apportioned  by  the  Boartl  among  the  extnutive  depart- 
ments, inebidin^  tlie  Smithsonian  Institution,  the  National  ^fuseum 
and  the  Fish  Commission:  the  Smithsonian  Institution,  indudmg  the 
National  Museum  and  tlie  Biueau  of  Ethnology,  receiving  about 
$0,000.  This  amount  is  of  course  entirely  inadequate,  except  as  aflbrd- 
ing  the  means  of  making  a  commencement,  and  would  hardly  suf- 
fice for  the  preparation  of  a  satisfactory  exhibit  trom  any  one  depart- 
ment in  the  Museum.  As  soon  as  this  money  became  avaihible,  how- 
ever, several  of  tlie  cuiators  in  the  National  Museum  commenced  to 
prepare  plans  for  the  exhibits  of  their  departments,  and  a  small  foic© 
of  taxidermists  and  met  iianics  was  engaged.  Mr.  R.  Kilward  Earll 
was  appointed  chief  special  ageut  in  April,  and  will  act  as  the  executive 
officer  under  the  direction  of  the  represent aiivo  of  the  Smithsonian  In- 
stitution. 

BUBEAU  OF  ETHNOLOGY. 

Ethnological  researches  among  the  North  American  Indians  has  been 
continued  bv  tlie  Smithsonian  Institution  in  complianc<*  with  avis  of 
Conprr<»ss,  (iiii  iiig  the  year  1S90-^91,  under  the  dii^ectinTi  <)f  Mjy.  J, 
Powell,  who  is  also  tl>e  Director  of  the  U.  S,  C»eoln<ric;U  Survey. 

The  work  of  the  Bureau  of  Ktlinology  luus  been  ronductcd  during  the 
year  in  accor<lance  with  the  system  before  reported  uixm  and  explained. 
A  notewoi  thy  feature  of  it  is  that  the  olheers  who  as  authors  prepare, 
the  pnblirntiof)^  <»l  tl)e  Bureau  personally  gather  the  nmterial  foi-  them 
in  the  lield,  suppleineutiug  it  by  study  of  all  tlie  e(mneet«Ml  literature 
and  by  the  coiiseqnent  comparison  of  all  ascei  tain<'(l  facts.  The  coutin- 
uan<  <'  ot"  the  woi  k  for  a  number  of  years  by  the  same  zealous  obsei'vers 
and  students,  who  freely  interchange  their  information  and  (»i»inious,  has 
resulted  in  their  training  witli  the  acutenessuf  hpecialisi  s,  corrected  and 
generalized  by  the  factors  of  other  coiTelative  si)ecialties. 

At  the  close  of  the  last  fiscal  year  spitei tu*  exploration  of  the  mound 
areaby  the  (Tnited  States  ceased,  exee])t  so  far  as  it  was  found  necessary  to 
corre^'t  errors  and  sui>ply  omissions.  A  large  pai  t  ol  the  results  of  th«», 
work  (»f  several  p;ist  years  is  in  print,  tlu>ugh  not  yet  issuinl.  A  phiu 
of  general  arch  otologic  field  work  has  been  practically  initiated  by  a 
systemauc  exploration  of  the  tidewater  regions  of  the  District  of  Golum- 
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bia,  Maryland,  Virginia,  and  the  Ohio  Valley,  whicli  dof pnuiiitMl  among 
other  points  of  interest  that  the  implication  (^f  great  untKiiiity  to  forms 
of  stone  implenientR  of  Amerira  which  have  hitherto  been  classed  with 
European  palaoliths  in  age  as  well  as  in  tiabricatiou  has  not  been  sab- 
stantiated  by  the  ascertained  lacts. 

Careful  exploration  of  the  Verde  Valley  in  Arizona  followed  that  be- 
fore ma<ie  of  otlier  parts  of  the  lar^je  southwestern  retjion  of  the  United 
Stales  in  whieli  the  presence  of  many  extensive  rniws  lias  <riven  rise  to 
fanciful  thtoi  ies.  The  data  as  classified  and  disi  u^scii  li  is  siiown  that 
the  hy|>othesis  of  a  vanishe<l  nice  enjoying  high  civilization,  which  has 
been  proj>o8ed  to  account  for  the  architecture  of  the  ruined  structures, 
is  unnecessary. 

The  attention  already  given  to  Indian  languages  has  been  continued, 
in  reex^gnition  of  the  fact  that  some  of  them  are  fast  passing  beyond  the 
iwssibility  of  record  and  study  and  that  the  ethnic  classification  of  all 
of  the  Indian  tribes  can  be  made  accurate  only  through  the  determina- 
tion of  their  linguistic  divisions  and  cuiinections.  The  studies  upon 
aborigiii  il  mythology  and  religious  practices  has  also  been  continued, 
with  ( ial  attention  to  the  ghost  dances  and  "Messiah  religion," 
which  have  produced  imi)ort4int  (M)nsequences  bearinj^  u])on  the  prob- 
lem of  proper  national  dealing  with  the  Indians.  Otli(*ial  misconcep- 
tion of  t  heir  religious  philosophy,  which  has  been  forcedly  transhgiu  ed 
by  the  absorption  of  Christianity  so  as  to  present  more  apparent  than 
actual  antagonism  to  civilization,  has  occasioned  needless  loss  of  life 
and  treasure. 

Further  details  respecting  the  work  of  the  Bnrean  will  be  fonnd  in 
the  report  of  its  director,  given  in  foil  in  the  Api)endix. 

NATIONAL  ZOOLOGICAL  PARK. 

The  primary  object  for  which  Congress  was  asked  to  establish  a 
National  Zoological  Park  was  to  secure  the  preserration  of  those 
American  animals  that  are  already  nearly  extinct,  and  this  oijject  it 
was  thought  would  be  best  secured  by  the  establishment  of  a  large 
indosuie  in  wiiich  such  animals  could  be  kept  in  a  seclusion  as  nearly 
as  possible  like  that  of  their  native  haunts.  It  was  believed  that, 
except  for  initial  expenses  for  buildings  and  roads  for  the  public, 
this  could  be  done  with  an  outlay  comparatively  small,  probably  not 
exceeding  $50,000  a  year;  for,  after  the  necessary  land  was  once  acquired 
and  fenced  in,  smaJler  inclosures  and  paddocks  could  be  set  off  and 
inexpensive  bams  erected  at  about  this  yearly  charge. 

It  was,  in  the  nature  of  things,  inevitable  that  some  provision  should 
be  made  for  the  convenience  of  a  curious  and  interested  public,  as  well 
as  for  the  care  and  well  being  of  animals  unaccustomed  to  the  pres- 
ence of  man.  For  the  first  of  these  it  was  intended  to  set  aside  a  con- 
siderable area,  on  which  the  principal  buildings  should  be  placed  and 
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to  wliicli  should  lie  taken,  as  was  ('xixMiit'iitj  such  of  the  animals  as 
luigUt  iiitenist  the  ])nhlic,  the  htri^er  ]K)rtiou  ot  the  park  beiug  still 
considered  as  ii  rial  II ral  ]>r(^scrvc  where  aiiimals  need  Ix?  disturbed  by 
no  unusual  surronndm^jis.  and  where  it  was  lioped  they  might,  alter  the 
time  ncM  cssiirv  tor  their  acclimation,  breed  their  you n«r. 

The.  miuntenaiiee  of  a  park  devoted  to  these  purj)oses.  tliat  is.  ]vri- 
mai'ily  to  useful  and  scieutihc  ends,  atid  secondly  to  reei cation,  seemed 
to  those  interested  in  its  success  a  legitimate  tax  uj)on  national  i  v- 
sources.  l)nt  when  Tougi-ess  decided  that  oiu^  half  of  the  necessary 
expense  should  be  raised  by  local  taxation  it  seemed  onl\  tit  that  the 
tax  payers  shouhl  be  heard  in  their  wisli  to  have  prominem c  driven  to 
the  f(Mture  that  i)rinci pally  interested  tliem,  and  tlieir  chiel  iiitei  cst  was 
iiatuially  in  the  Park  as  a  plaice  of  ret;i cation.  That  this  was  leeog 
ui/ed  by  a  considerable  body  iu  Congrefis  became  evident  from  the 
subsequent  debates. 

The  moral  right  of  the  people  of  the  District  to  a^k  consideration 
of  their  wishes  for  entertainment  in  n-tnrn  for  the  onthiy  which  falls 
upon  them  can  not  be  questioned,  and  so  far  as  this  could  be  recog- 
nized it  introduced  a  tendency  to  provide  an  establishment  more  like 
au  ordinary  zoological  garden,  or  permanent  menagerie,  than  the  com- 
paratively inexpensive  scheme  at  first  contem]dated. 

In  view  of  the  circumstances  aii  appropriation  was  asked  of  Con- 
gress, which  was  believed  to  be  smaller  than  was  consistent  with  the 
proper  ultimate  development  of  the  park,  but  on  an  estimate  which 
proposed  t-o  begin  on  the  most  economical  .scale,  rims,  fur  the  general 
maintenance  of  the  collection,  $3.j,(K)0  was  asked,  w  hich  is  about  the 
same  as  the  annual  sum  spent  in  the  Central  Park  menagerie,  New 
York,  having  an  area  of  about  10  acres,  and  at  least  $10,000  less  than  is 
spent  either  at  the  zoological  garden  in  Ciucinuati  or  Philadelphia,  each 
having  an  area  of  aboat  40  acres.  When  it  is  reflected  that  the.se 
latter  enterpriaes  are  oondaeted  for  business  pm-poses  by  business  men, 
that  they  have  their  collections  already  nearly  complete  and  purchase 
but  few  new  animals,  it  will  be  seen  that  the  sum  asked  for  the  main- 
tenance of  the  107  acres  of  the  National  Zoological  Park  with  all  the 
expensive  animals  yet  to  be  procured  was  certainly  not  extraTagatit. 
Congress  reduced  this  estimate  to  $17,500,  a  sum  for  which  as  a  year's 
experience  has  now  shown  the  Park  can  not  be  maintained. 

For  buildings,  au  appropriation  of  $30,850  was  asked.  In  this  oon- 
nection  it  may  be  recalled  that  in  the  Philadelphia  gardens  the  build- 
ings and  indosures  cost  $194,705.  The  sum  estimated  was  intended  to 
cover  all  inclosures  and  struetures  of  every  character  indispensable  oo 
the  modest  scale  proposed.  Congress  reduced  this  to  $18,000. 

The  average  expense  of  preparing  such  uncultivated  grounds  in  city 
parks  elsewhere  has  proved  to  be  at  least  $2,900  per  acre.  The  sum  of 
$29,500  was  asked  for  that  purpose,  as  no  more  than  sufficient  to  fit 
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mt'\[  portions  of  tlu'  i)iirk  as  were  uecessary  for  tlic  innixMliatC  accoiii- 
modiiliou  of  the  public.    OoDgress  red  need  this  to  $15,U0U. 

These  ^eduction^*  havr  not  only  obh^jfcd  me  to  retard  the  deveiupiiieut 
on  the  linc?^  thiit  had  hvvn  laid  <h)wn.  bnt  have  increased  the  ultimate 
coHt;  for  where  living  creatures  are  iu  qiiestiou  it  is  plaiu  that  they 
have  not  only  to  be  fed  aiui  guarded  but  to  be  housed;  and  all  this  at 
once,  under  p<'nalty  of  their  Ions.  Congress  has  plainly  intended  that 
they  HhiMiid  be  pi^served.  and  that  some  sort  of  roadii  aud  access  for 
the  public  should  be  provided  this  year. 

The  result  has  necessarily  been,  that  with  every  etfort  to  obtain  per- 
manent results  there  has  been  a  partial  expenditure  of  the  absolutely 
insufficient  grant  on  enforced  exprdients  of  a  temponury  character, 
which  ai  c  not  iu  the  interests  of  economy. 

It  is  extremely  desirable  that  a  sum  for  emergencies  be  secured  in 
the  next  appropriation,  lu  carrying  forward  from  the  beginning  novel 
and  untried  work  of  such  varied  charuciter,  unforeseen  difficulties  must 
inevitably  arise,  but  no  i)ro vision  has  been  nnule  for  these,  nor  even  for 
such  readily  anticipated  emergencies  as  are  caused,  for  instance,  by 
floods  in  grounds  traversed  by  a  stream  which  has  been  known  to  rise 
6  feet  iu  less  than  half  an  honr. 

The  difficulties  wbicli  these  conditions  have  imposed  on  the  adminis- 
tratioQ  of  the  park  may  be  fairly  called  extreme,  aud  the  amount  and 
chaiacter  of  what  has  been  effected  mnst  be  considered  in  this  con- 
nection. In  spite  of  these  the  result)  I  think,  may  be  said  to  be,  that  at 
least  as  a  source  of  interest  and  amusement  to  the  people  the  park  has 
exceeded  the  most  sanguine  expectations. 

As  the  available  funds  were  small  it  was  necessary  to  limit  the  area 
of  the  park  which  should  be  first  improved.  It  was  found  that  the  ani- 
mals on  hand  could  be  accommodated  within  an  area  of  40  acres,  and  a 
tract  of  about  that  size  was  selected,  extending  along  the  main  drive 
from  Quarry  road  to  Connecticut  avenue  through  the  most  interesting 
portion  of  the  park.  This  main  road  was  laid  out,  graded,  and  metalled 
early  in  the  fiscal  year,  and  steps  were  taken  to  construct  a  permanent 
bridge  over  Bock  Creek  at  the  place  where  the  road  should  pass.  As 
was  anticipated,  the  construction  of  the  bridge  presented  serious  en- 
gineering difficulties.  Bock  Creek  is  usually  a  quiet  shallow  stream, 
but  liecomes  in  times  of  freshet  a  powerful  torrent.  It  was  necessary  to 
erect  a  structure  that  would  withstand  these  floods  and  desirable  that 
it  should  be  one  which  would  not  mar  the  beauty  of  the  valley.  After 
a  careful  consideration  of  several  designs,  motives  of  economy  com- 
pelled the  erection  of  a  bridge  of  wood  and  iron,  resting  upon  stone 
piers  15  feet  above  ordinary  water  level,  sufficient  as  an  engineering 
stmcture  but  having  no  claim  to  beauty  other  than  that  of  utility.  At 
the  dose  of  the  year  these  piers  had  been  erected  and  the  superstruc- 
ture contracted  for  but  not  yet  placed.  In  the  meantime  temporary  in- 
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ezpenslye  wooden  bridges  liaye  heen  in  use.  During  the  progress  of 
the  work  they  have  been  severa)  times  swept  away  or  seriously  injured. 

A  nnmber  of  trees  have  been  i^anted  in  dilEereiit  parts  of  the  park, 
in  some  places  for  ornament,  in  others  to  secure  the  proper  seehision  of 
animals.  A  considerable  area  of  open  land  has  beeu  prepared  for  lawn . 
and  pasture  grounds. 

The  development  of  the  park  has  proceeded  steadily  during  the  year, 
the  minimum  of  chauge  in  the  natural  features  of  the  picturesque  region 
being  made  on  principle  and  independent  of  any  considerations  of 
economy.  As  the  approach  from  the  city  by  the  way  of  the  Quany 
road  could  be  made  available  at  the  least  expense  to  the  park,  that 
road  is  adopted  provisionally  as  the  main  carriage  entrance.  At  the 
request  of  the  Secretary  the  Commissioners  of  the  District  of  Oolnmbia 
expended  a  sum  of  $1,000  in  grading  and  repairing  this  road,  but  while 
it  has  served  a  useful  purpose  it  is  still  far  from  satisfactoiy  as  a  prin- 
cipal avenne  of  approach.  The  grade  is  steep,  the  carriage  way  nar- 
row, and  the  roadbed  not  sufficiently  thick  to  endure  heavy  travel. 

Tlie  system  of  roadscontemplatcs  other  means  of  approach,  especially 
a  bridle  path  by  the  way  of  Ontario  avenue,  a  footpath  (wluch  will 
probably  be  enlarjjed  to  a  carriage  road  a.s  means  may  x)ermit)  by  the 
way  of  Woodhw  Bridge,  extending  along  the  creek  through  the  park 
as  far  as  the  Kliugle  Bridge,  and  a  carriage  road  entering  from  Con- 
necticut  avenue  extended  on  the  west  side  of  the  park,  by  which  per- 
sons brought  by  the  Rov.k  Creek  Railway  can  readily  pass  in.  A  wind- 
ing footpath  from  the  Adams  Mill  road  leads  by  means  of  rudely  con- 
structed steps  and  a  simple  rustic  bridge  down  the  cliflfs  and  across  a 
narrow  ravine  into  the  occupied  portion  of  the  park. 

Before  animals  could  be  safel,\  k»'i)t  in  the  park,  it  was  necessary  to 
inclose  it  so  as  to  insure  control  of  all  the  territory  within  its  limits. 
A  boundary  fence  was  therefore  built,  and  experience  has  shown  it  to 
be  absolutely  essential  to  the  safety  and  woll  being  of  the  animals  as 
well  as  to  the  preservation  of  the  trees,  shrubbery,  and  property  of  the 
park. 

Near  what  is  foi-  the  ]>r('soiit  the  j^riiicipal  entrance  is  a  dis\ised 
quarry,  frniii  which  arise  precipitous  elitrs  and  Ixdd  rocky  ledges.  It 
secine<I  particuilarly  well  firti'il  for  tlie  einistriictiou  of  dens  and  yards 
for  bears.  A  series  of  <*averHs  lias  been  blasted  in  the  rock  anil  inel<»sed 
by  a  stout  iron  fence.  Within  the  fence  are  lar^(^  and  commodious 
yards  in  which  liave  been  constructed  barhin;^  jxiols,  with  water  llow- 
ing  constantly  iVom  m  \,u  >^o  spring  outside  the  park  at  the  si<le  of  Quarry 
road.  The  resiilt  li  been  a  place  .admirably  adapted  for  the  health 
and  general  wellare  <>1  tiic  animals,  as  well  as  a  most  pieturesijue  and 
striking  feature,  ft  has  been  found  necessary,  in  tnder  to  protei't  the 
yards  i'vom  fallini^dirtanrhlebris  swept  down  the  dills  by  rains,  to  build 
a  retaining  wall  (tn  the  ledir*'  above  the  dens  at  once,  and  this  has  been 
done  in  pai  t,  for  the  rca^sons  ulreaily  st  ated,  in  such  a  manner  as  it  is  to 
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he  feare<l  will  nocessitato  very  early  removal.  It  is  most  (hvsirablc  that 
the  boundary  of  the  park,  which  now  runs  aloiipr  the  very  edge  of  this 
precipice,  should  be  carritMl  hack  a  few  yards  tu  thus  avoid  the  expense 
of  a  costly  ]>ermanent  retaiuiiig  wall. 

A  lioiiso  tor  the  bison  has  been  built  and  another  for  animals  re- 
quji  iii^  wai  laer  winter  quarters  is  in  course  of  construction,  a  portion 
of  it  beiu^^  already  ocxiupied.  It  will  not  be  possible  to  complete  this 
house  upon  the  original  plan  under  the  present  appropriation,  but  it 
was  deemed  a  wise  economy  to  accept  a  design  whieh  could  be  par- 
tially comjileted  and  extended  as  the  need  for  more  room  became 
pressing  <%nd  other  means  should  become  available. 

Already  the  establishment  in  the  United  States  of  a  National  Zoolog- 
ical Park  under  the  management  and  guidance  of  the  Smithsonian  In- 
sUtation  has  attracted  the  attention  of  similar  institutions  and  of  nat- 
nraltsts  in  other  countries,  and  libera]  offers  of  gifts  and  exchanges 
have  been  made. 

From  Samatra^  from  the  islands  of  the  Pacific,  from  the  shores  of 
Alaska,  and  fix>m  our  own  national  parks,  have  come  offers  of  gifts  or 
terms  of  purchase,  but  I  regret  to  say  that  it  has  been  necessary  to 
defer  acceptance  of  all  these  offers  owing  to  lack  of  ftinds  even  to  pay 
transportation. 

iJECltOLOGY. 

aEOUGE  BANCROFT. 

It  seems  unnecessary  to  give  here  more  than  a  brief  outline  of  the 
connection  of  the  distinguished  historian,  the  Hon.  George  Bancroft, 
with  the  Smithsonian  Institution. 

Mr.  Bancroft  was  elected  by  Ck>ngress  a  regent  ftom  the  city  of  Wash- 
ington, December  11, 1874.  He  was  appointed  chairman  of  a  special 
committee  to  memorialize  Congress  for  a  building  for  the  National  Mu- 
seum; he  served  on  a  committee  under  whose  direction  a  portrait  of 
Prof.  Henry  was  painted,  and  on  January  20,  1875,  was  elected  a  mem- 
ber of  the  executive  committee.  He  resigned  from  the  Board  in  March^ 
1878,  after  serving  four  years.  Mr.  Bancroft  died  on  January  17, 1801. 

WILLIAM  TECUMSEH  SHEBMAN. 

As  in  the  case  of  Mr.  Bancroft,  any  extended  notice  of  the  life  of 
Gen.  Sherman  would  seem  enturely  superfluous,  but  it  is  fitting  that  I 
flihonld  mention  here  his  interested  and  valuable  services  upon  the 
Board  of  Begents. 

Gea»  Sherman  was  elected  by  Congress  a  regent  from  the  city  of 
Washington,  January  30, 1871,  and  became  a  member  of  the  executive 
committee  of  the  Board,  March  9  of  the  same  year.  His  resignation  from 
the  Board  was  presented  November  12, 1874,  on  account  of  a  change  of 
residence  from  Washington  to  St.  Louis. 
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The  foUowing  cxtra<!t  from  his  letter  of  resijruation  expresses  Ms  deep 
intei'est  ia  tUelnstitutioQ  and  his  views  as  to  its  policy: 

In  thus  severing  my  afficial  connectioo  with  the  Siuithsoman,  I  beg 

leave  to  express  to  you  ami  your  iis>;o('iates  niy  sonsc  of  tlie  nobl*'  tnsk 
in  which  you  are  euga«?etl,  and  of  my  earnest  prayer  that  tlie  iiistitiiliuu 
under  joiu  manajfement  will  continue  to  fulQll  its  maguilicent  tle-sigu. 

A  knowledge  of  science,  that  is,  of  the  laws  of  nature,  is  so  intimately 
connected  with  the  advance  of  higher  civilization  that  Mr.  Sniithson 
displayed  unusual  wisdom  in  so  endowing  his  institution  that  it  should 
give  its  principal  labor  to  the  increase  (»f  knowledge,  to  accunuilating 
and  .sccurin;^  new  ktuiwledge  to  be  added  to  the  old.  which  should  be  a 
special  province  of  the  universities  of  the  wliole  Ciiri ii.  1  tlierefore  coin- 
cide with  you  perfectly  in  your  special  construction  of  the  will,  and  hope 
that  the  Regents  will  continue  to  construe  it  literally  as  a  legacy  sacred 
in  its  nature  and  beneficial  in  the  lii^^liest  (ji'i^ree. 

I  beg  you  will  assure  your  as^  K  i;iti'<  tliai  mioni;  tlie  many  causes  of 
regret  at  leaving  Washington  none  impresses  me  more  than  that  which 
forces  me  to  sever  my  re&tions  with  the  Begents  of  the  SmithBOuiaD 
Institution. 

Upon  his  return  to  the  capital  ho  was  re  elected  by  Congress  a  regent 
fW)m  the  city  of  Wasiiingt«m.  March  25,  1878,  and  again  became  a  mem- 
ber of  the  executive  committee  on  May  17  following.  He  served  as 
chairman  of  a  special  committee  of  the  Board  to  make  arrangements  for 
the  funeral  ceremonies  of  Prof.  Henry,  May  13,  1878,  and  was  elected, 
January  15,  1879,  by  the  Board  to  make  an  address  at  the  memorial 
services  of  Prot  Henry  in  the  United  States  Capitol.  A  few  extracts 
from  his  address  at  the  services  on  January  1(>,  1870,  are  emioently 
characteristic,  and  may  be  most  appropriately  quoted  here: 

From  the  l)ci;inning  tlie  living  have  i)aid  homage  to  the  virtues  ol"  the 
dead  J  for  immortiiUty  is  the  dream  of  man.  From  Agra  to  Washing- 
ton scarce  a  city,  town,  or  village  but  contains  some  monument  designed 
to  ])erpetuate  the  memory  of  one  who  has  passed  from  earth.  Moun- 
tains have  Ix'cn  excavated.  ])yrarni(ls  built,  temples  have  been  erected, 
and  i^ranite,  mariile,  ami  bronze  shaped  into  every  <*on(HMval)le  form  t<» 
give  expression  to  honor,  respci  t,  attection,  and  love  for  some  deail  hero, 
warrior,  statesman,  or  philosopher.  These  earthly  tributes  can  be  of 
no  service  to  the  dead,  but  t)iey  form  lasting  records  of  deeds  held 
honorable  among  men;  are  strong  incentives  to  noble  acts  in  the  pres- 
ent, and  mark  a  stead>  pto^^ress  toward  that  better  condition  which  is 
the  ultimate  destiny  ol  the  liuman  rat-e. 

We  are  not  assembled  to-night  to  shape  in  marble,  or  granite,  oi 
bronze  the  human  form  of  our  countryman  and  friend.  Prof.  Joseph 
Henry,  but  in  order  that  those  who  knew  him  best  m  i.\  ,  by  simple  trib- 
utes of  thoiijrht  atifl  feeling,  beai'  public  ti'stimony  to  the  tnerit^^i  of  one 
wli<)  in  our  day  stoo<l  forth  a  most  res|»l<'ndent  tv]>e  ot  moral  and  intel 
lectual  maiduMid,  and  wlio,  with  httle  thought  of  sell,  rendered  eminent 
service  in  the  cause  of  mankind.  He  needs  no  monument,  for  where- 
ever  man  goes  or  human  thought  travels  the  poles  and  continuous  wires 
will  remind  Iiini  that  to  Prof.  Henry  of  all  men  we  are  most  indebted 
lor  the  luestimabic  blessings  of  the  telegraph. 

•  #••••• 
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It  was  a  st  i(  TitiTic  Enjrlishmaii,  ii  skillful  analytical  clicmist  of  Lon- 
don, who  toin  civcd  the  tlionfrlit  and  provided  tlu'  means  wherel>y  Trof. 
Henry  was  enabled  to  aecumplii^li  8o  niiieli  lui  ther  good.  Arts  may 
hAve  beea  lost  or  fbrgotton,  because  no  longer  needed,  and  the  wor1d% 
libraries  and  universities  aJrea<iy  possessed  in  abundance  the  vast 
accuniiilatioTis  of  knowledge  which  had  lor  ages  been  ganiered  and 
stored  away  in  these  vahiable  repositories  of  leariiing,  yet  nature  re- 
mained so  bonntiful  that  there  conld  lie  no  danger  that  her  fountains 
would  become  exhausted,  and  Mr.  Smithsou  provided  for  an  iustitutiou 
which  accepts  all  the  past,  and  provides  only  for  the  fliture.  He  en- 
dowed mnnifieently  the  mstitutii  n  which  bears  his  nai!H>  here  in 
Washington)  for  rollectiTijr  new  know  ledge,  and  for  (iisthbuting  it  to 
all  parts  of  the  eartli.  (xreat  was  tiie  conception,  generous  the  endow- 
ment, and  fortunate  that  the  execution  fell  to  the  lot  of  Prol.  Xienry. 
•  •••••• 

For  this  reason  the  memory  of  his  life  and  fame  should  be  treasured 

by  all  as  an  exami)le  to  the  youth  of  our  land  to  show  that  honor  and 
fome  may  be  earned  in  the  s(diool  of  philosophy  as  well  as  in  the  more 
tempting  and  active  scenes  of  public  life. 

Many  students,  who  at  this  moment  are  hard  at  work  on  tlieir  studies 
fi>r  the  advantage  of  mankind,  will  feel  themselves  personally  encour- 
aged and  honored  by  the  tokens  of  respect  and  aiiection  thus  paidtiieir 
prototype.  Prof.  Flenry;  ami  their  stimulated  labors  in  the  cause  of 
that  s(  ience  lie  lo\  (mI  so  well  will  erect  to  kim  a  muuumeut  more  lasting 
than  of  brass  or  marble. 

On  January  17, 13*9,  Gen.  Sherman  was  ele(  fed  by  the  Board  a  mem- 
ber of  the  commission  for  erecting  the  National  Museum  building,  and 
on  March  7  he  wavS  chosen  chairman  of  this  commission. 

The  office  of  member  of  this  commissioti,"  he  says  in  his  first  report, 
presented  January  10,  1880,  **has  been  by  no  means  a  sinecure,  weekly 
meetings  having  been  held  with  scarcely  an  interruption  from  the  first 
organization," 

The  second  report  Gen  SUennan  presente«l  January  18,  1881,  and  the 
linal  report  January  2,  I  ssl*.  hi  tin*  latter  lie  begs  to  refer  to  the  im- 
portiiut  fact  that,  while  a  building  i^  incsented  equal  in  every  respect 
to  what  was  anticipated  -  -  -  instead  of  iiienrring  a  deticiency,  the 
fund  has  been  so  managed  as  to  have  to  its  credit  an  available  balance 
of  S(mie  thousands  of  dollars." 

Gen.  Siin  Mian  took  a  great  iiderest  in  carrying  into  etlect  the  Jiet  of 
Congress  providing  for  a  stat  ur  of  l*i  »)f.  HfMiry.  lie  was  active  in  in 
ducing  Congress  to  approi>riatc  mom  y  to  tircjMoof  the  east  wing  of  riie 
Smithsonian  building,  and  was  elci  tt'd  Jjinnary  17,  188;i,  by  the 
Board  with  the  cham-ellor  and  scfretary  up(Mi  a  special  (jommission  ''to 
act  for  and  in  the  name  of  tlie  lioard  iu  carrying  into  eflfect  any  act  of 
Congress  whi(;h  might  be  passe<l  ])roviding  for  the  erection  of  an  addi- 
tional building  for  the  National  Museum." 

His  second  term  as  regent  expired  March  1885,  when  he  removed 
his  residence  to  New  York,  lie  died  February  11,  189!.  For  eleven 
years  Gen.  Shermau  was  diligent,  active,  attentive,  and  enthusiastic  in 
his  devotion  to  the  Institution. 
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The  detailed  reports  from  tlie  JJureaii  ol*  Ethnology,  the  International 
Exelian.u^es,  the  National  Zuolo^'ieal  l*ark,  and  the  Library,  and  the 
report  on  the  x)ub1ieations  of  the  year  are  appended. 

JiespeetfiiUy  submitted. 

r.  LANaLEY, 

laeeretary. 
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Appbndix  I. 

REPORT  OF  THE  DIRECTOR  OF  THE  BURKAIJ  OF  ETIiNOLOOY  FOR  THE 

YEAR  ENDING  JUNE  30,  1891. 

Sir  :  Ethnologic  lesearohes  among  the  North  Amoriran  iDdiailft  were  ooQtiliued) 
under  thu  Srr  rrtary  of  thf-  ^niiihfloniftQ  lustHtttionp  in  complUwee  with  aoto  of 
Congress,  duriug  the  year  l«M>-'Ul. 

A  report  upou  the  work  ol  the  year  ia  nioHt  conveuieutly  presented  under  two 
geueiftl  hewlBi  vis,  field  work  uid  office  work. 

PIBLD  WOBK. 

Tlie  field  work  of  the  year  is  divided  Into  (1)  arehvologyj  «ad  (2)  general  field 

ttndioa,  the  latter  being  directed  chiefly  to  religion,  technology,  and  Ungnlitics. 

.1rrh(folo<fic  field  work. — At  the  clns*'  of  tlu>  last  ft«c«l  year  n;onf>rnl  exploration  of 
the  luouud  region  was  discontiuued  and  The  archtEoloprir  ficlil  \v<»rk  was  plactd  in  the 
charge  of  Mr.  W.  H.  Holmes.  During  the  fmiomer  of  ItHtO  he  began  the  work  of  nrch- 
Bologi  cal  exploration  in  tim  Atlantic  coast  Statea.  The  ancient  qnarriea  of  qnartcite 
bowlders  and  of  steatite  within  the  IMstrictof  Columbia  were  explored  and  extensive 
excavations  were  made.  This  work  wan  continued  thronghout  .Tnty.  and  in  Au;;iist 
a  quarry  site  near  the  now  U.  S.  Naval  Observatory  on  a  ridge  ov<  i  lookinfx  Kock  Cn  t  k 
Valley  wasexaminrd.  Thp  phtniomfna  ob«iorved  upon  this  site  were  itractically  iden- 
tical with  those  of  Piny  Bruu«-li  dvticrilKMl  in  the  last  unniial  report.  A  large  area  of 
the  Potomac  bowlder  beds,  2  or  3  acres  in  extent,  had  been  forked  over  to  the  depth 
of  several  feet  by  tlie  aboriginal  qnarrymen  and  all  available  bowlders  had  been 
ntillzed  in  the  manufacture  of  Icaf-Ahaprd  l>la<l(!S.  These  were  probably  the  blanks 
subsequently  ^ecialtsed  as  spear  and  arrow  points,  perforators,  and  similar  instra- 
mente.  . 

In  August  Mr,  Hohnes  made  a  trip  to  the  Mississippi  Valley  Ibr  the  purpose  of  re- 
examinfng  some  monnd  groups  not  explored  with  snfficient  care  by  the  assistants 
before  intmsted  with  that  work.  A  week  wa^  spent  in  Grant  County,  Wis.,  map- 
ping tli«'  rpinarkablo  groups  of  eftigy  mounds  for  Avliirh  that  r' "jri'  Ti  Tu>*>  d.  Rub- 
iseqneutly  he  visited  Pulaski  County,  Ark.,  and  miMle  a  survey  ot  the  Knapp  nHnuidH 
at  Toltec  Station,  whence  he  proceeded  to  the  vicinity  of  Hot  Springs,  Aik.,  to  ex- 
amine tho  ancient  novacnlite  qnarries  near  that  place.  Apparentl y  the  early  inhabi- 
tants bad  quarried  this  rock  on  an  extensive  scale  and  had  used  it  in  the  manufac- 
ture of  spear  and  arrow  points  rind  othf^r  articles.  Tlie  pittings  were  on  a  large 
scale,  even  snrpassing  those  of  tin'  Dii^trict  of  Columbia  quarries,  and  had  generally 
been  attributed  by  white  settlers  to  ISpanish  gold  hunters  of  an  early  period. 

In  September  and  October  Mr.  Holmes  resumed  his  explorations  in  the  District  of 
Columbia  and  extended  tbe  work  into  the  valley  of  the  Potomac  between  Point  of 
Rocks  and  Cumberland,  Md.,  and  into  the  Ohio  Vall*-y  as  far  as  Allegheny  Cit  s .  A 
trip  was  next  made  to  the  eastern  shore  of  the  Chesapeake,  and  a  very  interesting 
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Indian  villa«io  nitv  on  the  riinptank  River,  2  miles  below  CH^lltri»l^;f>.wa«  examined. 
Au  uucieut  eoramnnity  of  f>.\  stt  r  (Irffli^fTH  had  hocn  estahlislu'd  on  ;i  l)lu if  about  20  feet 
above  tide  level.  Sul»8eqnently  this  site  was  buried  by  m iiul-driven  8aud  to  the 
depth  of  20  feet»  mid  more  recently  the  waves  have  encroached  npon  the  laud,  cxpoa- 
ing  a  section  of  the  hlnff  and  its  buried  village  site.  The  most  important  ieatoro  of 
fhisexpoBure  was  tlte  section  of  ati  ossuary  or  burial  pit  12  feet  in  diameter  and  5 
feet  d<'.M>,  which  li:id  been  ilufjf  upon  the  villa;;fo  site  and  fillod  with  ;i  mass  of  dis- 
conueutud  human  bones,  all  of  which  wore  iu  an  advanced  state  of  decay.  They 
were  not  accompanied  by  objects  of  art. 

In  April  Mr.  Holmes  made  a  jonmey  to  Bartow  Coonty,  Oa.,  and  to  Coahoma 
County,  Miss.,  to  make  neceHsary  observations  of  the  ^p^t  groups  of  monnds  at 
these  points.  The  principal  Bartow  County  mound  belonj^s  to  the  group  Icnown  as 
the  Etowab  frroijp,  and  is  a  splendid  example  of  the  work  of  the  nnjdfMitiii<'d  luiild- 
era.  Tiie  shape  of  the  great  mound  is  that  of  a  four-sided  truncated  pyramul  but  is 
not  wholly  symmetric.  It  is  63  feet  high  and  measures  about  175  Act  across  the 
nearly  level  top.  The  measurements  of  the  four  sides  of  the  base  are  380, 330, 300, 
and  350  feet.  The  slopes  arc  steep,  reaching  in  places  45^,  and  are  broken  by  two 
decided  (MM-rntrieities  of  eontiixnr  itimi.  On  the  south  if*  a  terra«'e  fnjtn  10  to  50  foot 
wide,  sloping  to  the  base  level  of  the  mound  at  the  east  and  ending  ma  nearly  level 
platform  about  45  feet  square  at  the  west  end.  This  platform  is  about  20  feet  lower 
than  the  monnd  and  does  not  appear  to  have  had  means  of  communication  with  its 
summit.  This  irregular  terrace  has  been  called  a  roadway,  but  it  has  more  the 
character  of  an  a<lditioii  to  the  iri<  nt  mound  in  process  of  construction.  The  other 
eccentricity  alliKb'd  to  is  .i  «{radt^(l  way  extending  out  to  the  l  ast  from  the  summit 
of  the  mound,  and  wliicli  to  all  appearances  is  the  real  roadway  to  the  summit. 
This  way  is  20  or  morefbet  in  width,  though  somewhat  hroken  down  by  erosion, 
and  has  a  slope  of  only  21^.  There  can  he  little  doubt  that  this  monnd  was  the 
stronghold  of  the  village  and  that  its  top  was  inclosed  by  astockadC' 

The  Carnon  mounds  in  Coahoma  Cotinty,  Miss.,  form  n  gr(Mi]>  f>f  unnsuril  intt  rest. 
There  are  four  mounds  ot  large  size,  two  of  them  being  <d>]oni:  and  with  tliin  snnmiits. 
The  highest  has  an  elevation  of  25  feet.  Scattered  about  these  large  luouuds  are 
nearly  a  hundred  smaller  ones  from  1  to  6  ftot  in  height  and  from  10  to  200  feet  in 
diameter,  most  of  which,  as  n  fuse  indicates,  represent  house  sites.  The  house  flooM 
hav<"  hvvn  of  clay  well  smoothed  on  the  upper  surface  and  the  walls  and  jiossibly  the 
co\  t-rini^s  have  btM-n  of  clay  sn]>port>'d  by  a  frnmrwork  of  canes.  The  rlny  has  iu 
many  cases  been  l)aaked,  i>ut  whether  frouj  design  iu  luiiUliug  or  through  the  de- 
struction of  the  etroctutt  by  fire,  is  not  easily  determined.  There  ate  numerous 
largo  pits  about  the  border  of  the  site  from  which  the  earth  used  in  building  the 
mounds  has  been  obtained.  The  avea^  covered  by  the  village  is  three-fourths  of  a 
milr  loni;  by  half  a  mile  wide. 

Ill  the  spring  of  18!)l  Mr.  Holmtv^  lii.gan  thi-  syeitematic  e.vploratinn  of  the  tide- 
water regions  of  Maryland  an<l  Virginia,  which  iacluduil  a  study  of  the  art  n  uiuius 
and  of  the  phenomena  of  shell  banks  and  village  sites,  as  well  as  the  mappiug  of  all 
sites  w  hich  bav«  iut<>rcst  to  the  historian  and  the  archnologist.  In  this  work  he  was 
asssited  by  Mr.  Williaui  Dinwiddie  and  for  a  short  period  by  Mr.  tierard  Fowke. 

Thi'ougli  docuuieut  II  V  evidftice  it  is  kuowu  that  the  tide-water  ri'gion  was  occu- 
pii'il  by  tribes  of  Algonquian  stock  ixdouging  to  tho  Powhatan  Confederacy.  So 
thoroughly  have  they  occupied  this  country  that  along  the  water  courses  nearly 
every  available  site  bears  evidence  of  occupation,  and  in  the  salt  and  brackish  sec- 
tionsof  the  water  courses  shell  banks^the  kitchen-middens  of  this  people — cover  the 
shores  iu  almost  (-oiit innons  lines.  So  nunifrons  were  the  sites  that  a  careful  study 
of  all  w.'i-s  found  to  In*  iui|»iacti»'able,  ami  it  was  delerunued  to  select  for  detailo<l 
examination  a  small  number  of  those  that  are  typical.  On  the  Potomac  the  follow- 
ing localities  have  been  chosen  for  a  special  study:  The  vicinity  of  the  Little  Falh, 
at  the  head  of  tide  water;  the  site  of  jSmith's  town  of  **  Nacotehtank,''  now  Anacos- 
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tlft;  "rhnpowamsio"  Islninl  nt  tlie  mouth  of  tho  cnu'-k;  of  that  namf;  thf  site;  of  flio 
viilago  of  *■  Potowomeck"  on  i'otoinuc  Creek;  tUo  shell  deposits  of  Uuubi!  Cioek,  u 
branch  of  Port  Tobacco  River ;  the  great  shell  rnoands  of  Pope's  Cteek,  and  the  oys- 
ter dredging  stations  about  the  month  of  Wioomico  River.  Many  sites  npon  the 
we«t  Hhoro  of  Chesapeake  Bay  and  on  the  Patnxont  River;  also  many  A-illagc  sites 
Tipoii  the  Jame»,  mrvst  of  thorn  meTitioiinl  aiul  locaftd  hy  Capt.  John  Smith,  were 
visited  and  examined.  Th<'.He  iin  Inde  '* Chesiiju'iK-."  on  I.ynnhnven  Bay,  Virj^inia, 
''Nansamund/'  on  Chuckatuek  (  reek,  vrest  of  Norfolk  j  Jaiuestown  iMiauil;  *'Chn- 
wopo,'*  "Psepahegh,"  and  "  C^uiyonghcohannock/'near  Clearmont;  "Weanock/'on 
Eppes  Island,  opposite  City-  Point;  and  '^Powhatan"  just  bekiw  Richmond.  The 
art  remains  proi  ured  from  these  historic  James  River  sites  are  identieal  in  nearly 
every  respeet  with  the  Potomac  and  Chesapt  ake  relies,  a  fact  whieh  hears  strongly 
upon  the  question  of  the  unity  of  the  art  remains  and  the  identity  of  the  peoples  of 
the  tide-water  country. 

Mr.  Gerard  Fowke  entered  upon  his  duties  as  assistant  arehaologist  on  May  1, 1891. 
He  began  at  once  the  exploration  of  the  James  Kiver  Valley,  and  at  the  close  of  the 
year  WHS  making  excavations  in  an  ;ni<'i«  nt  *  .  iii.'tery  n«'.'ir  C'-Ah-,  Allef^lieiiy  C'onnty, 
Va.  The  object  of  that  work,  asiilt^  from  ilie  usual  arehiioldiiir  ex ploi ;ii ions,  is  to 
determine  the  western  limit^s  of  areas  oeenjtieil  by  thu  Alguu(j[iiiau  tribes  aud  the 
eastern  limitations  of  the  various  groups  of  peoples  belonging  to  the  west. 

As  above  mentioned|  the  field  work  upon  mound  explorations,  which  for  several 
years  had  been  under  the  charg<;  of  Prof,  (.'yrus  Thomas,  was  diseontinned  except  so 
far  as  was  fonntl  ni'ccssrjry  to  correct  some  errors  aud  supply  some  omi^isionK.  >!r. 
Henry  L.  Reyuohls  was  the  only  one  of  the  former  assistants  iu  the  mound  divistim 
who  was  retained.  He  was  engaged  during  the  barly  part  of  the  last  fiscal  year  in 
making  examinations  and  resurveys  of  certain  ancient  works  in  Ohio,  aud  in  the 
spring  of  1891  wiis  sent  tO  South  (^arolloa  to  examine  several  important  works  iu 
th:ir  St:tt»v  Owiii<;  to  .seven-  illiu  sM.  whif'h  terminated  in  his  death  (on  April  17, 
l&'l  )  Aviiiir  in  (he  lit  ld.  this  Isst  triji  was  unpro«hictive  nf  seientifir  resnlts.  {!y  the 
death  vt  Mr.  iieynolds  the  Bureau  has  lost  a  skillful  and  industrious  memlier,  and 
archirology  an  entbusiasCIo  student.  For  some  time  previous  to  his  death,  in  addi- 
tion to  hia  other  dutlea  as  assistant  to  Prof.  Thomas,  hehad  been  engaged  in  preparing 
a  paper  on  the  prehistoric  metallic  articles  of  the  mound  area.  Thi'  only  other  field 
work  performed  iu  relatif>n  to  th<^  mnunds  has  been  above  exjdained.  lu  unI«T  to  as- 
sist Prof.  Thomas  in  obUiiuiug  correct  illustrations  and  plats  of  certain  groups  in 
Mi«M»issippi,  Arkansas,  and  Wisconsin,  which  were  deemed  of  more  than  ordinary 
importance  in  tho  study  of  the  archeology  of  the  mound  region,  Mr.  Holmes  visited 
those  groups  and  ma<le  carelhl  survey  di»wings  of  them,  besides  collecting  impor- 
tant  data  »'one<Tnin^  (ln-ni. 

Latx*  in  Xovemlier  Mr.  ( "osnios  Mindi  h  il  wsw*  or«lere«t  to  proceed  to  the  Casa 
Grande,  on  the  Gila  Kiver,  iu  Arizona,  and  exandue  that  ruin  with  a  view  to  its 
preservation  as  provided  for  by  aot  of  Congress,  also  to  prepare  plans  and  speoifica- 
tions  and  make  contracts  for  the  work.  He  was  further  directed  to  make  an  exami- 
nation of  tho  valley  of  the  Rio  Verde,  and  collect  the  data  for  a  report  ui>on  the 
arrh;e(»l«»<ry  of  that  region.  Owint;  to  unforeseen  delny.s  th<'  contrarts  for  the  Casa 
Grande  work  were  not  executed  until  May  15,  1891,  and  were  approve<l  by  the  Secre- 
tary of  the  Interior  late  iu  June,  but  suhseiiueutly  the  time  for  the  completion  of  the 
work  was  extended  two  months.  It  will  be  completed  by  October  1. 

During  his  stay  in  the  vicinity  of  thc^  C  as.i  (trande  Mr.  Mmdelelf  made  surveys  of 
the  ruin  proper  and  of  the  large  niin  «if  which  it  forms  a  part,  together  with  ]>hoto- 
•   graplis,  detailed  plans,  sketches,  aud  notes,  with  a  view  to  :i  di  taiifd  r«'port.  He 
found,  among  other  results  of  his  examination,  that  the  rum  it*  now  standing  to 
wlUiin  a  very  few  feet  of  the  height  It  had  when  built  and  occupied. 

I^MAding  the  execution  and  approval  of  the  contracts  for  the  Casa  Grande  work, 
Ur«  Mind<4cff  made  an  exanunation  of  the  valley  of  the  Rio  Verde  from  its  month 
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t«Cnmp  Verde  and  beyond.  ThiH  rpgion  had  never  ln'cn  thoroughly  examined,  and 
it  WJ18  (leeiiH  i|  highly  probable  that  it  wonld  prove  ;is  rich  in  arc  liieologie  remains 
aH  the  region  about  Camp  Verde.  Such,  however,  ]>roved  not  to  bo  the  case.  A 
chain  of  aettiemento  was  found  extending  from  Camp  Verde  eoutbwacd  nearly  to 
Fort  McDowell,  but  [th»  mine  arc  not  so  nnmerone  aa  in  the  region  immediately 
alwnt  Camp  Vorde.  AYirxit  10  miles  below  the  latter  an  extensive  and  well  pre- 
8«*rv«*d  grony»  of  onvat)-  d '.veilings  \v:is  fonnd. 

Thii  buiidingH  throiigtiutit  the  whole  Verde  Valley  now  inrnin.s  were  constructed 
of  slabs  of  calcareous  rock,  or  of  river  bowlders,  or  of  both,  and  iu  their  construction, 
location,  and  ground  plans  are  aiBIiated  with  the  northern  type,  rather  than  witli 
the  Nouthem  type,  of  which  Hie  best  example  is  the  C.isji  flrjwide  on  the  Gila  liiver. 
l);if  ;i  i'nT  s\  report  upon  the  ruins  in  tlie  v.illev  of  the  K'io  \'er(le,  and  upon  the  irri- 
gating ditches  anti  h()rttcnltural  tivstenis  there  pursued,  were  eolleeted.  :iti«I  will  bo 
prepared  for  pubiicaiiuu  at  once.  Mr.  Miudeictl  rcmaiued  in  the  tield  until  alter  the 
dose  of  the  fiscal  year. 

Oeneral  Fieid  Studie§.'~MtB,  Matilda  C.  Stevenson  remained  at  the  Poeblo  of  Sia, 
New  Mexico,  fmm  July  to  September  15,  1890.  She  was  diligently  engaged  in  com- 
pleting her  stndicH  of  the  customs  and  mythology  of  the  Sia  Indiana  explained  in  the 
last  annual  report.  Their  cosmogony,  and  the  rites  of  their  secret  cult  societies,  were 
made  by  her  special  subjects  of  investigation,  with  the  view  of  securing  a  clearer 
nndetstanding  of  their  mythology  and  religious  practices. 

Dr.  W,  J.  Hoffman,  in  July,  visited  the  Menomonee  Reservation  at  Keshena  and  the 
Ojibway  Reservation  at  Lake  Court  Oreillcs.Wis.,  theOjihwa  Reservation  at  La  Point, 
and  the  Ottawa  Indians  at  Petoskcy,  Mich.  At  Keshena  he  attcnih  d,  by  request  of 
the  Indians,  the  annual  ceremony  of  the  Mitawit  or  Grand  Medicine  Society,  an 
order  of  shamans  or  priests  professing  the  power  of  prophecy,  exorcism  of  demons, 
the  cure  of  disease,  and  the  ability  to  confer  success  in  the  chase.  The  introductory 
portionof  the  riinal  of  initiation  of  this  society  embraces  the  dramatization  of  tho 
MenojpoTiee  idt  as  ot'eoKmogouy  and  the  genesis  of  mankiiul,  tbf  reception  by  thr  In- 
dians trom  the  (ireat  Manito  of  the  power  of  warding  ott  tlisease  and  hunger,  and  in- 
struction to  candidates  as  to  the  proper  mode  of  living,  so  as  to  gain  admission  into 
the  realm  presided  over  by  Naqpote,  the  wolf,  who  is  brotiier  of  Manabnsh,  the 
mediator  between  the  Menomonee  and  the  Great  Manito.  The  service  of  initiation 
of  these  reremonies  are  ])rece(le(l  by  a  mortuary  ritual  lasting  one  entire  night.  In 
honor  ot  the  deceased  member,  whose  place  is  tilled  later  ou  by  the  initiation  of  a 
substitute. 

Investigations  were  made  at  the  Menomonee  ceremony  to  compare  it  with  a  similar 
ritual  found  among  the  Ojib  ways.  It  appears  that  the  Menomonee  practices  are  off- 
shoots from  the  Ojibway,  and  also  that  wliere  the  Ojibway  shamans  repeat  certain 

phrases  in  an  archaic  form  of  language,  an  handf'd  down  to  tliem.  the  Menomonee 
employ  Ojibway  words  and  plinwes.  perhaps  1«»  mystify  tin*  heartM*s,  or  perhaps  be- 
cause the  ritual  was  obtaine<l  from  the  Ojibway  iu  that  form.  The  preparation  of 
textile  materials  used  in  the  manuf^tnre  of  the  several  kinds  of  mats  made  by  the 
Menomonee  was  also  investigated  and  typical  specimens  were  secured.  Water  color 
and  oth«n*  sketrhen  were  mnrh-  to  illnstrrite  rerentonies,  daUy  aVOCations,  the  abor> 
iginal  houses,  grave  itoxes.  and  otiier  <d>je(  ts  of  intere«tt. 

Upon  tlie  completion  of  his  work  al  the  above  reservaliuns,  i>r.  lioliinan preceded 
to  La  Point  to  inquire  of  the  Ojiiiway  sbamen  concerning  certain  sacred  birdi-bark 
charts  employed  by  them  in  the  introtluction  of  candidates  into  the  society  of  shar 
mans,  and  also  to  secure  additional  infonnation  relative  to  the  explanation  of  picto- 
graphic  cosmogony  rcconls.  He  then  visited  the  Ottawa  Indians  f»n  the  eastern 
shore  of  Lake  JVlichigan,  near  Mackinaw,  to  ascertain  whether  the  ceremonies  of 
the  Grand  Medicine  Society"  were  still  practiced  by  them.  This  body  of  Indians 
professes  to  have  discontinued  these  pagan  rites,  but  assert  that  a  band  of  the 
Ottawa,  living  farther  south,  nenr  Grand  Traverse,  adheres  to  the  primitive  belief, 
and  conducts  its  ceremonies  anunaUy. 
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Mr.  James  Mooney  made  a  short  visit  in  .rttly  to  ttic  moantuin  region  of  North 
Carolina  and  Tennessfc,  tli»'  former  homo  of  tlio  ('!ifrnk»'c>i«,  for  the  pnrposi*  of  col- 
lecting additional  fwts  tor  hi.s  m<»iM>^rapii  ii|Hm  that  trib<;.  In  (-uiiin'ction  with  the 
same  work  he  had  intended  to  visit  the  Cherokee  Nation  in  the  Indian  Territory  in 
tlie  following  winter,  bufe  in  the  meantime  the  "  Meniab  religion "  had  bcgrnn  to 
■ttmet  so  much  attention  that  he  was  directe<l  to  investigate  that  subject  also  at 
the  same  tim«'.  ;is  woll  iis  Ut  gather  mnrc  mat<*rinl  hearing  npoii  the  lingniHtie  aflini- 
ties  of  the  Kinw  I  tri'n'.  Ho  loft  Washington  J>o<M«m1>er  22,  and  pro«'<!odiug  at  once 
to  the  Cheyouu<^  aad  Arapahoe  lieaervation  in  Indian  Territory,  where  the  ghost 
daneea  wwe  In  full  progres!<,  remained  ta^  several  weeks  studying  the  dance,  mak- 
ing pliotogTapbs,  and  collecting  the  songs  naed.  This  last  was  the  most  important 
part  of  the  study,  as  most  of  th«*  McHsiah  religion  is  fiubodied  in  songs  many  of 
whii'h  go  to  tlif  root  of  Iiidiau  inythtiloL;\ .  'Phut  ri-liirinn  is  ti  ri'TumUdijig  of  ahorigi- 
nai  beliefs  as  iiitiueuced  by  the  'uUrAs  of  ('lai»liauity  hileiy  iiiiliilH  ;!  (Vom  tlic  whiti; 
man,  to  be  umd  for  the  utter  confounding  of  the  white  man  himself.  It  is  iu  no 
sense  a  warlike  movement.  It  is  somewhat  remarkable  that  the  ghost  songs  in  nso 
by  the  various  tribes  are  almost  all  in  the  language  of  the  Arapalioes,  the  members  of 
that  tribe  being  the  most  active  propagators  of  the  new  religion  and  their  language 
being  pernlinrly  adapted  to  ninsic. 

Ho  then  prot ceded  to  the  Kiowa  Reservation,  where  linguistic  and  other  materials 
were  obtained,  by  which  it  may  become  possible  to  finally  classify  that  hitherto 
isolated  tribe.  Additional  ghost-dance  material  was  also  collected.  After  revisit- 
ing the  Cherokee  Nation,  where  ht  vt-ral  weeks  were  devoted  to  gathering  informa- 
tioT).  ev^M  f-ially  in  regard  to  the  Indian  geography  of  npper  Georgia,  he  returned  to 
Washington  early  in  April. 

In  accordauee  with  arrangements  for  the  World's  Columbian  Exposition  it  was 
decided  to  make  a  tribal  exhibit  from  one  of  the  more  primitive  prairie  tribes.  The 
Klowaa  were  selected  for  the  purpose  and  the  work  was  assigned  to  Mr.  Mooney, 
who  at  once  prepared  to  return  to  their  reservation.  During  May  and  June  he  eol- 
lecte<l  .(  l:irt;n  variety  of  artieleM  illn«trative  of  the  home  life,  art.*?.  «1rc  rs,  and  cere- 
monials ot  the  tribe,  and  was  still  iu  the  hold  at  the  close  of  the  fiscal  year. 

OFriCB  WORK. 

The  Director  daring  the  year  devoted  all  the  time  he  could  spare  from  other  offi- 
cial duties  to  the  completion  of  a  work  on  tlio  linguistic  families  of  North  Ameriea, 
His  undert;ikin;,'  to  chuwify  the  North  Ameriraii  l:in^uages  so  as  to  Tx- of  scientific 
value  as  well  asof  juMrtical  nsc  lias  l>een  explained  in  |treviouH  reports,  l  liis  elassi- 
ficatiou  is  recoguize<l  to  lie,  wlien  properly  made,  an  indispensable  preliminary  to 
all  acenrate  ethnologie  work  relating  to  this  continent.  The  essay,  with  its  accom* 
panying  Ungntstie  chartywas  delivered  to  the  Public  Printer  during  the  year,  to 
form  part  of  the  seventh  annual  report  of  this  Bnrean,  though  that  volume  at  this 
date  has  not  yet  been  actually  isMued. 

Col.  Garriek  Mallery,  U.  S.  Army,  during  the  year,  when  not  occupied  iu  special 
and  occaaional  duties  designate*!  by  the  director,  was  engage*!  in  arranging  for  pub- 
lication the  material  gathered  by  him  during  several  former  years  on  the  general 
theme  of  pictography.  That  title  is  used  to  <'ud)raee  all  modes  of  expressing  and 
communicating  thoughts  and  facts  in  a  durable  form  without  n  ferciice  to  sound. 
Such  modr"%  f)f  expresaion  being  at  one  time  if  tint  still  iiiil«  |ii  u(lfiil  uf  oral  iangtiage, 
the  study  of  their  history,  evolution,  uml  praet  ii  u  umy  a.ssist  in  t  he  solution  of  some 
ethnic  and  psychic  problems,  and  may  verify  or  modify  some  theories  of  anthro- 
pologic import.  In  the  scheme  of  arrangement  for  pnblication  the  o!)icetive  exhibi- 
tion of  mental  concepts  by  the  North  Ameriean  Indians  has  beni  ( lassitied  with 
proper  preflomlnance,  as  it  has  exceedeil  in  ititcrest  all  others  known  \vhi<  li  have  not 
prissea  b^vond  the  boundaries  separating  ideogranis  an<l  emblems  from  syllabariiw 
and  al|»ji.il»et«.   In  order  to  promote  explanation  and  comparison,  however,  copies 
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and  descriptions  of  » large  nnmber  of  petroglyphs  and  other  fanne  of  pietognplii 

fouiul  in  Knropc,  Asia,  Africa,  Australiii,  aud  in  many  islands  hav«  been rollated  for 
tilt"  iHi'ilii  atiuii  of  f,(  l«M  tt«(l  and  f ypiml  illnstraH  iis  With  the  mmi^  object,  still 
mor<>  •■ani)  sr  attrnttun  has  boeu dirorted  tu  the  syuopiu- preaentation  of  illutfiratiouH 
from  Mexi*  o  aud  Ceutral  aud  South  iVinerica,  ae  being  presumably  more  eloeelj  cm- 
nectod  than  is  the  eastern  heniispbdre  with  the  similar  developnients  found  in  the 
present  area  of  the  United  States,  whether  endnring  on  rooks  with  authorship  un- 
kuowu,  or  artnally  in  current  n«?p  nmon*;  rnosl  «>!'  the  Indian  tribes.  At  tli«!  closo  of 
the  tisral  year  the  trfntisp  was  siilistaiitially  cuiniil»'r<  d,  tlu'  dolny  in  its  delivery  to 
the  Public  Priuter,  :i8  the  cuutcuts  of  one  of  the  forth<'omiug  volumes  in  the  neric^  of 
annual  reports  of  this  Bureau,  being  occasioned  by  the  preparation  of  the  large  num- 
ber of  illustrations  required. 

Mr.  Henry  W.  Ileushaw  during  the  entire  year  devoted  his  time  to  administrative 
work  nnd  to  continuing  tho  preparation  of  the  Dictionary  of  Indian  Tribee,  before  ex- 
plained in  detail. 

Prof.  Cyrus  Thomas  was  engaged  during  the  year  ehiefly  in  the  preparation  of  the 
second  volume  of  his  report  on  the  archsDology  of  the  mound  area  of  the  United 
States,  and  other  office  work  necest^ary  In  eonneotion  with  the  })ublicatiou  of  a 
bitlU  tin  (in  the  lint  of  mound  localities,  the  preparation  of  maps  therefor,  luid  nf  illn»«. 
t rations  tor  the  lirst  volume  of  his  report.  When  the  whole  manuscript  Wat*  taki  ti 
up  lor  examination,  preparatory  to  printing,  its  bulk  waa  fouud  to  bo  too  great  lur 
one  volume.  It  was  then  decided  to  publish  the  part  relating  to  mound  Idealities  in 
a  bidletin.  As  this  necessitated  some  change  in  the  manuscript,  the  opportimtty  waa 
embraced  to  incorporate  the  additional  data  which  had  be^'u  obtained.  The  bulletin 
was  in  print  at  the  close  <»f  the  year.  thon;;!i  nut  yet  isnned. 

Mr.  W.  H.  Holmes  included  in  his  otilce  work  the  preparation  for  the  mouogra]>hs 
of  Prof.  Cyrus  Thomas  of  papers  upon  pottery,  shell,  textile  fikhries,  pipes,  and 
other  productions  of  the  moundobnildiog  tribes,  and  the  writing  of  reports  upon  the 
numerous  explorations  ma<le  during  the  year.  These  reports  have  been  brouglit  np 
to  date  and  arc  on  file.  ITc  has  adoptt  d  tlie  policy  of  preparing  reports  upon  fn  Id 
work  for  lile  as  the  work  proceeds,  aud  his  assistants  are  expect-c^d  at  the  close  of  cai  b 
separate  piece  of  exploration  or  unit  of  study  to  make  a  re.jiort  upon  it  of  a  sufficiently 
finished  nature  to  serve  the  purpose  of  record  and  reference  in  ease  of  their  disability 
or  separation  ftom  the  office. 

Rev.  J.  Owen  T^nrsey  prepared  the  index  to  his  monograph,  The  (^'cgiha  Langriage- 
Myths,  Stories,  and  I.etfers,  aud  corrected  the  pro(»f  sheets  of  the  second  part  of 
that  volume.  He  resumed  his  work  on  the  (^egiha-English  dictionary,  inserting 
many  new  words  occurring  in  the  texts  and  referring  to  eaeh  new  word  by  paj^e  aud 
line  of  the  text.  He  devoted  considerable  time  to  the  synonymy  of  the  Athapascan, 
Caddoan,  Kusan,  Siouan.  Takilmaii,  and  Yakonan  families;  comparing  authorities, 
writing  historical  sketches  of  the  tribes.  Lr<  !it<  <.  and  villatrcs  of  tliose  ]in>;uistio 
iauiilie«,  and  rearranging  all  the  niaieriail,  in  order  to  have  it  ready  lor  i»t  i-u  ijif. 
From  December,  1890,  to  March,  1891,  with  the  aid  ui  a  Kwapa  delegate  in  \\  ash- 
ington,  he  collected  much  information  respecting  the  Kwapa  or  Quapaw  tribe,  a  peo- 
pie  ( htsoly  related  to  the  Omaha  and  Ponka,  from  whom  they  separated  prior  to 
1540.  Since  March,  181H,  lie  has  been  elaboratinii  tliat  material,  which  consists  of 
about  150  personal  names,  arranged  according  to  sex  and  ^cn<».  with  the  ine.qning  of 
the  name  whenever  attainable;  over  3,500  entries  for  a  Kwapa-Kuglish  dictiomu-y 
and  several  epistles  and  myths  with  grammatical  and  sociologio  notes.  This  material 

will  1  r  great  assistanoe  to  him  in  the  preparation  of  the  (j^egiha-English  diction- 

ary  and  other  papers. 

He  also  prepared  for  publication  the  following  papers:  A  study  of  Siouau  cult.s, 
illustrated  witii  iiutm  rous  sketchcn  colored  by  Indians;  Omaha  anrl  Ponka  letters, 
containing  the  ^Jegiha  epistles,  whieh  could  not  bo  published  in  Contributions  to 
North  American  Ethnology,  Tol.  vi;  an  illustrated  paper  on  Omaha  dwellings,  fat- 
niture,  and  implements;  a  paper  on  the  social  organisation  of  the  Siooau  tribee. 
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Ifr.  Albert  8.  0»t8chet  dnnng  the  flaoal  year       engaged  in.  ottee  work  only. 

Aft<'r  having  completed  the  manuscript  of  the  "Ethnopjaphic  Sketch  "  nf  his  work, 
"The  Khiinath  ludiunH  of  Konthw<  stt-rn  Oregon,"  which  whs  puhlished  during  the 
year  as  Vol.  Ji,  Part  I,  ol  Contributions  to  Xorth  American  Ktlmology,  he  read  the 
proof  of  it,  which  was  completed  iu  October,  1890.  Since  then  he  has  been  extract- 
ing, copying,  and  carding  the  vocabnlariee  and  other  matter  collected  by  him  during 
the  past  ten  years.  This  work  is  now  accomplished  concerning  the  Tonkave,tbe 
Hitchiti,  the  Shawano,  and  Powhatan.  Tlnit  iel:itivr  f  <i  tin-  rr«  «  k.  will  simhi  I.c  ««4»m- 
pleted.  A  large  number  of  personal  trihul  and  vocal  natiics  of  Indian  origin  were 
collected  and  partly  explained  iu  the  intervals  of  the  above  work. 

Br.  W.  J.  Hoffman  oontinned  the  aixangement  and  olaeaifioation  of  material  relat- 
ting  to  the  tociety  of  shamans  of  the  Cjjibwa  Indians,  which,  together  with  namer> 
ous  illustrations,  was  prppiirrd  for  publication,  and  will  form  part  of  the  Seventh 
Annual  Report  of  the  Bureau.  This  work  will  j)reseut  from  aboriginal  records  an 
exposition  of  the  Ojibwa  tra<litious  of  cosmogony  and  genesis  and  the  dramatized 
ritual  of  the  myths  relating  to  the  same.  The  musical  notatton  of  the  songs  and 
chants  employed  before  and  during  the  ceremonies  of  initiation,  and  copies  of  all  of 
the  bizch-bark  charts  bearing  the  mnemonic  charactern  relating  to  the  ritual  will 
be  tTicorporated  in  the  pnpor.  tojjpther  with  the  oriefiiml  texts.  Pr.  Hoffman  has 
also  been  engaged  in  tlie  el;i lxtr.it  ion  of  the  data  and  Hkctches  relating  to  the  ]»ic- 
tography  Jind  gesture  language  of  the  North  American  Indians,  secured  by  liim 
during  previous  field  seasons. 

Mr.  .Tames  Mooney  devoted  the  earlier  part  of  the  fiscal  year  to  the  elaboration  of 
his  Cherokee  material,  tlie  first  resiiltn  of  wliicli.  mider  the  title  of''  .'^.ured  Formu- 
las of  the  rheroki-c-s,"  will  appear  in  the  Seventh  Aium;il  l\e]»ort  ctfthe  Bureau.  He 
also  prepared  a  short  descri]itive  catalogue  of  his  previous  ethnologic  collections 
ttom  the  Cherokeesy  and  began  work  on  a  paper  contending  that  the  South  Atlantic 
States  were  formerly  occupied  by  a  number  of  Slouan  tribes,  if  indeed  that  region 
Wits  not  the  original  home  of  the  Sionan  stock.  In  connection  with  this  investiga* 
tion  a  clf>!*»'r  study  of  tlio  linguistic  tnaterial  froin  the  Catawban  trihcs  of  Carolina 
contirms  the  statement  which  has  before  been  pultlished  by  this  Hurcau,  that  they 
belonged  to  the  Siouau  ikmily.  Mr.  Mooney  also  at  iutervalB  assisted  on  the  Dic- 
tionary of  Tribal  Synonymy. 

Ifr.  James  C.  Pilling  h:us  continued  his  bibliographic  work  throughout  the  fiscal 
year.  At  the  date  of  tlic  hist  r(>[Hirt  he  w.ts  engaged  in  rtrulini;  juoof  of  the  Bihli-  * 
c»t;r;iphy  of  the  .\ls;oii([iii;iu  Languages.  The  volume  is  now  ready  lor  the  jiress.  and 
■will  include  614  pages  and  82  full  page  illustrations,  chietly  facsimiles  of  the  title- 
pages  of  rave  books,  syllabaries^  and  other  interesting  bibliographic  features.  It  is 
hoped  that  the  work  will  be  rea^  fbr  distribution  during  the  autumn  of  1891. 
AmODg  the  special  articles  in  it  is  one  relating  to  the  labors  of  Apostle-'  Eliot 
among  the  Indians  of  MassaobnwettH.  and  more  pspeoiallv  to  his  liniruistie  work.  As 
this  anthor  was  the  earliest  and  the  most  note«l  of  those  engaged  in  this  line  ol  work, 
considerable  space  wat»  devoted  to  liim  and  his  works,  and  it  was  thought  ]ir4>per  to 
issue  the  article  in  separate  form.  It  is  xioted  below  under  the  heading  of  Pnbli* 
cati.ons. 

Mr.  Filling  has  ceased  to  bo  connected  with  the  U.  8.  fieological  Survey,  being 
trnnsferrod  to  the  Bureau  of  Ethnology,  hU  appointment  takin*r  effect  May  1,  1891, 
The  stock  or  family  of  languages  proposed  to  form  the  subject  of  his  next  biblio- 
graphic memoir  is  the  Athapascan. 

Mr.  J.N.  B»  Hewitt  has  continued  his  work  on  the  Tnskatora  dictionary,  the  Tus- 
karora-English  part  being  well  advanced  and  the  Bnglish-Tuskarora  part  com* 
menced.  Much  material  for  the  compilation  of  a  complete  grammnr  of  the  Tuska- 
rora-Troqnoinn  tongue  was  added  to  that  before  ac<]oircd.  For  thin  object  sticli 
anomalous,  redundant,  and  defective  verbs  as  have  been  recorded  iu  the  dieliuuary 
haTebeenooi^agatedin  all  the  deriTutiTe  Ibrms  of  which  they  are  susceptible;  a 
difltooli  but  instmotire  task.  Several  regular  Tdrbs  have  also  been  coi^ngated  to 
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develop  uii  their  kuown  derivative  forms.  I'lie  uuiuber  of  poshible  derivative  forms 
of  a  regular  verb  in  tlie  »ovoral  conjugations  is  estimated  by  Mr.  Hewitt  to  vary 
between  2,800  and  S^OOO.  This  nomeratidn  is  of  inteiMt,  beoavse  it  has  been  asserted 
by  student*  of  Indinn  langiiageti  tbat  the  niimber  of  possible  derivative  forms  of  an 
American  Indian  v<  il>  is  Infinite,  ;uid,  st  condly.  beoanne  it  has  Im  i  h  estimated  that 
u  (ireek  verb  so  conju;:ated  would  be  represented  by  about  1,300  forms. 

Grummfttic  gender  liJis  also  received  special  attention.  There  are  in  the  Tuskarora- 
Iroqnoian  tongue  three  genders,  which  Mr.  Hewitt  names  the  antbropic,  the  foio, 
and  the  asoic,  which  are  expresBod  throngh  the  prefix  prononns  only.  In  the  an- 
throplc  gender  alone  sex  diHtinctions  are  found,  and  hence  there  :irc  masrnlino  and 
feminine  pronouns  therein.  But  in  the  zoic  suid  mtnc  genders  s<  x  is  udt  indli  ated. 
Hf'ucc,  by  the  prelit  pronouus  the  objects  of  eiiwcourse  arc  cJaHsilied  into  three 
gtsiiderH. 

Mr.  Hewitt  continued  making  tranelations  from  the  old  French  writen,  Perrot, 
Lafitau,  La  Potherie,  and  others,  of  the  notices  and  acconnte  of  thebeliefe,  rites,  and 

ceremonies,  superntitionH,  and  mythic  tales  of  Irofpinijin  ppop!e«.  These  were  col- 
lated as  aids  in  explaining  and  elaborating  the  matter  collected  in  the  field  jHjr- 
soually  by  him.  I?y  their  confiniiativc  testimony,  joined  to  the  evidence  of  etymologj-, 
the  iToqnoian  cosmogony  or  genesis  myth  is  found  to  originate  in  the  pemonifieation 
by  the  Iroquoiau  mind  of  the  t  U  mentii,  powerBj  proceasea,  and  the  living  creatuxea 
of  tlip  visible  und  sensible  wt)rld. 

Mrs.  Matilda  C.  Stevfnsoii  was  eMgaprcfl  from  the  latter  part  of  September,  1890, 
to  June  30, 1891,  inprepurin;^  lor  ]>ubluatiuii  the  material  collected  at  the  Pueblo  of 
Sia,  New  Mextcot  dnriug  the  preceding  spring  and  snmmer. 

Mr.  Cosmoa  Mlndeleff  daring  the  Hist  five  months  of  the  fiscal  year  waa  occupied 
upon  the  card  catalogue  of  ruins  referred  to  in  the  last  Annual  Report  and  in  the 
compilation  and  prepn ration  of  maps  showing  the  dt?^tril>nt  ion  of  ruinM  in  tlie  sonth- 
western  part  of  the  United  States.  This  work  was  temporarily  discoutinue<l  late  ill 
November,  when  he  was  ordered  into  the  field,  as  above  explained. 

He  also  has  contlnned'to  be  in  charge  of  the  modeling  room.  Its  finree  during  the 
year  was  devoted  exclusively  to  the  "duplicato  series,"  reference  to  which  has  been 
made  in  ]>r('vious  reports,  and  iin  new  work  wns  tinderf aken.  Five  model<<  were 
adiled  to  the  seri«'s,  ranging  \n  si^c  Aoni  lU  Hquare  I't  i  t  t<»  2M)  square  feet,  and  com- 
prising the  following  aubjectH:  Mummy  i'nvo  Cliff  Ruin,  Arizona;  Pueblo  of  Walpi, 
Arizona;  Pueblo  of  Sechnmovl,  Arisona;  Ruin  of  Penaaco  Blanco,  New  Mexico;  and 
Pit  of  Nelson  Mound.  This  series  is  nearing  completion,  and  the  Bureau  now  has 
mat<M'ial  sufficient  to  fonn  the  nucleus  of  an  exhibit  such  as  it  is  often  called  upon 
to  make,  without  <listurbing  its  series  of  nri<;ina1  niodelH  now  deposited  in  the  Ssr 
tional  Museum.  It  has  also  a  small  number  of  models  which  can  be  drawn  apou  to 
supply  the  demand  for  eneh  material  in  the  way  of  exchange  with  coUegea  and 
other  aoientifle  institutions. 

Mr.  .Jeremiah  Cnrtiii  wsw  occupied  with  offlce  work  oxclnsively  during  the  year. 
From  July  1,  l8iX),  until  February  1.  18U1,  he  arranged  and  copied  vorabnlari«>«* 
which  he  had  previously  collected  in  California,  namely,  Hupa,  Khuikan,  Wcitspe- 
kan,  Wiutu,  Yana  and  Falaihnihan.  He  devoted  the  later  mouths  of  the  year  to 
classifying  and  copying  a  large  number  of  mytlis  which  he  had  collected  among  the 
Hnpa,  Khuikan  and  Wintu  Indians.  These  myths  are  for  the  greater  part  connected 
with  Tne<ii(  ine.  t!i(inL;1i  ^^rnne  are  creation  myths  and  mytha  relating  to  religion  and 
llie  origin  of  various  tril>Ml  enstoms  and  usaixes. 

Mr.  Do  Laucey  W.  Gill  continued  in  charge  of  the  work  of  preparing  an<l  editing 
the  illofltrations  for  publications  of  the  Bureau.  The  work  done  for  the  year  ending 
June  80, 1891,  was  as  follows: 

Drawings  of  objects  and  ethnologic  specimens  and  miscellanoons  diagrams. . .  422 

Ancient  mine,  earthworks,  and  lanilscaiie  drawings   133 

Maps   47 

Total   608 
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Thoso  dmwiugd  wciu  propared  i'roiu  lield  Miirvoys  amd  »kutch()8,  fxom  photogruphH, 
aod  from  the  collections  brought  iu  by  tUe  etlmulugista. 
The  photognphio  work  reniAins  under  the  able  managemeiLt  of  Ifr.  J.  K.  Hillera* 

Photographic  negativea  were  secured  from  8itt  in<^H  of  Indians  ri  prc^seuting  the  fol- 
lon-ing  tribest,  \  t/ :  Sac  .ind  Fox,  deneoM,  Oreek,  and  Cherokee.  From  these  nega- 
tives 129  prints  were  famished. 

FUBUCATtOVS. 

The  publications  iaaaed  daring  the  year  are : 

(1)  Cotttribntions  to  NortihAmeriean.  Ethnology,  Volimeii,  Parti;  The  Klamath 
Indiaos  of  Soatheaetem  Oregon,  by  Albert  Samnel  Oateohet,  a  qnarto  volume  of  ovi  + 

711  pui^f  s  and  map.  This  part  inelndus  au  ethnographic  sketch  of  the  Klamath  pco> 
pie,  texts  of  the  Klamath  language,  with  explanatory  uot«8,  and  a  grammar  of  the 
Klamath  language.  The  second  part  comprises  the  Klamath-English  and  English- 
Klamath  dietiouarion.  It  was  iu  typo  at  the  cud  of  the  last  liscal  year,  but  was  not 
then  received  from  the  Pablio  Printer. 

(2)  Bibliographic  notes  on  Eliot's  Indian  Biblo  and  on  Us  other  tranelations  and 
works  iu  tin-  Induiu  laugiiage  of  Ma.sssu-huHi't  (s.  Tbijiis  an  abstract  from  n  "  Htblio- 
graphy  of  the  Aigonquian  T.iin<_rn:i,«,'eH/'  by  James  Con.stantine  Pillinj:,  and  forms 
pages  127-184  of  the  Algonquiau  ikt)liography  to  be  soouissuetl.  As  separately  i«ii>uu(l 
these  "Notes*'  oonstitute  a  royal  octavo  pamphlet  of  68  separatdy  numbered  ]iages. 
Two  bmndred  and  fifty  copies  were  printed  and  issned. 

It  with  profound  pleasure  that  aifontionis  caUed  to  this  abstract  of  the  work  of 
the  officers  of  the  Bureau  during  the  term  of  a  single  year.  By  long  trairuni:  l  y 
great  zeal,  and  by  deep  scientific  insight,  these  gentlemen  an)  now  able  to  accoaipli.sh 
nsnlta  far  beyond  expectations  when  the  Bureau  was  origluiUly  organized.  The 
researches  in  this  field  have  passed  beyond  the  elementary  8t)^;e,  and  the  significance 
af  the  data  being  raiiidiy  gathered  becomes  more  and  more  apparent. 
Very  respectfiiUy  yonrs^ 

J.  W.  POWELI^ 

iMrMfOTy  Bureau  <tf  Stknologif, 

Ifr,  S.  V.  Langley, 

Scontarjf  Smik9onia»  ItutUuHon. 
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BEPORT  OF  THE  CURATOR  OF  EXCHANGES  FOR  THE  YEAR  ENDING  JUNE 

80,1881. 

Sin:  I  huv<'  tlit;  honor  to  presout  the  lollowing  brief  statement  of  the  operatious 
of  the  Bnreao  of  Inteniatioiuil  Ezehangea  for  the  flaoal  year  ending  Juie  30,  liS9l* 


TABULAR  8TATSMENT  OF  THB  WORK  OP  THB  BCRBAIT. 

The  work  douo  by  the  Barean  daring  the  year  ie  taednctly  stated  In  the  annexed 
table,  prepared  in  a  form  similar  to  that  adopted  in  preoeding  reports: 

TramactioHs  of  the  Bureau  of  International  Exchanges  during  the  Jincal  gear  18dO-^9U 

Ledger  accounts 

il 


Date. 

i  .  ! 

1880. 

1 

July  

MOT  , 

AiiKii'^t  

4,214  ' 

5,69a 

12.144- 

Vorember  

5,375 

DewraWr  

4.507 

1H81. 

10,748 

8.220 

Mar.  h  

4.«lfi 

April  

5.  IfK) 

May  

J3,350 

7.451 

o 


I. 

- 1* 


"  3 


5  w 
"-a 


•c 

Ir 


Ubt. 
28,709 

rt.ftirt 

S8.842 
12,070 
23.508 

23,S08 
21,2S8 

l.'i. 


S8  .  ig« 

1  

i 

 '  

■  ;  - 



1  



1  

■ 

■ 

1 

1 

«  2 
*»  o 


9 


T4»bd....»  90,000  '  237.012  I  5,«BI     1.588     7.072     4.207    20.017  •  21. 8SR  >  002  .  2,207  I  2.417 


Inrrcns<"  over 
188»-'80  1 

38 


8.004  I  33,055 


8S0 


157 


732 


1,107  I  15,831  I  4,075  i  80 


ft 

m 


1,SW 

122 

201 

170 

004 

T, 

157 

102 

1,447 

05 

130 

1,827 

07 

■  207 

238 

1.577 

82 

182 

230 

1.020 

101 

100 

! 

1S7 

1,444 

01 

lOi 

317 

2,030 

83 

■  185 

ISt 

GO 

180 

1.8C2 

4(> 

168 

174 

1, 072 

78 

195 

259 

4,444 

148 

232 

285 

TttS 
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The  rapid  nte  at  which  the  Exdiange  work  ie  growing  i»  veiy  plainly  shown  by 
a  rompariBon  of  thane  ftgiuea  with  the  aimilar  ones  of  reports  since  1886  in  the  table 
below: 


KoinlMr  of  i»ackagea  reoslTfld 
"Weight  of  fBokMfM  received, 

,-  ti  coimtn: 

Fon:t^  80ciutie8.  

Foreign  indiridaiils  

Domestic  Individ  ubIh  . . . . 

l>>m«^atir  pnrka<ie»  »cnt  

luvoioea  written  

CttM*  sbtpiMd  Mbraad  

Lcttore  received.  

Litters  written  


KXPEK8BS. 

The  expenses  of  the  Exchange  Bnroan  are  met  in  part  by  direct  appropriation  tmm 
CoogresB  and  in  part  by  appropriations  made  to  Govemment  Departments  or 

Bureaus,  either  in  the  contingent  funds  or  in  specified  terms  for  repayment  to  the 
Siuitbsoninn  In^^titntion  of  a  portion  of  tho  cost  of  transportation.  To  each  of  the 
D<ipartmeutj}  or  iiuieauA  sending  or  receiving  publications  through  the  Smithauuiua 
Institution  a  charge  of  5  cents  per  pound  weight  is  made  nnder  the  authority  of  a 
reaolntion  by  the  Board  of  Begents  in  1878,  this  charge  being  necessary,  as  the  ap- 
propriation made  by  Congress  directly  to  tho  Institution  for  exchange  pnrposeshas 
i)f.v«  r  <  sntflcient  to  meet  the  entire  cost  of  the  work.  For  similar  rf^nsotiH  it  has 
been  toiuul  iit'i  eesary  to  make  a  char^^oof  thesameoiuouut  to  ^tate  iustitutiuos,  from 
which  a  furtlier  small  amount  huti  been  received. 

The  direct  appropriation  by  Congress  for  the  year  1890-W.  was  in  the  following 
terms: 

For  expcnsf'S  of  thf  'system  of  Intornational  Exchanpfcs  between  tlir  T^nift  il  Pfiites 
and  foreign  countries,  uuiler  the  direction  of  the  Smithsonian  Institution,  including 
salaries  and  compensation  of  all  necessary  employ^,  117,000. 

Tho  receipts  and  disbursements  by  the  aoeonnting  officer  of  the  Smithsonian  lu- 
btitntion  on  account  of  Intemationsl  Eschangee,  dated  Jnly  1, 1891,  for  the  precede 
ing  fiscal  year,  were  as  follows: 

RBCB1PTS. 


— 

61.  MO 

76^109 

75.900 

82,672 

90.006 

141.  SKI 

14«,630 

179,928 

202, 6»T 

SOT.  612 

7,30G 

^    4, 104 
t  4.153 

4.466 

4,(H)9 

5, 131 
6,340 

5, 981 
7.072 

2  165 

^  1,070 

'     1,  .".fi 

1,386 

2,610 

1,481 

3,  lOU 

1,888 

4,207 

10.  294 

12, 301 

17, 2ia 

i:?,  2K5 

29,047 

15,28« 

13,  .525 

i4.0»5 

16, 

21,923 

6S2 

m 

693 

878 

682 

1.131 

1,0«2 

1.214 

1,509 

2,207 

1,217 

1.804 

2,050 

1,025 

2,417 

Direct  appropriation  by  Congress  ^17,000.00 

Kepaymculs  to  the  Smithsonian  Institution  from  I  uiteil  States  (iovern- 

nient  Departments   3, 361. 12 

State  institutions  9. 95 


Total   20,371.07 
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mSBUUSEMKXTS. 


Trma  Con> ' 

grcMiionHl  Ropay- 
appro-  tni-nt«. 


 I  «u,iseL4« 

Fnigbt  [  1,*08.» 

Parking  bcOM  |        7fl«.  Ifi 

Priiitiug   -.   !  18».0r» 

Poat^  !       184.58  ' 

Stalionety  i  41(lt42 

InddttlUls  !  j 


17.000.00 


The  above  talkie  ahowe  that  the  entire  amonnt  reeelTed  from  Goverament  Bareava 

wadf3,37l.07,  mnkiugtho  sum  practically  appropriated  $20,371.07.  Previous reporta 
liave  poiutcd  out  the.  (Ipsirribility  of  comhiniri}?  in  a  sin*;l<»  item  tlif  various  appro- 
priations for  tlio  K X change  HiTviee,  now  divided  in  comparatively  small  8um8  among 
several  uf  tbu  largi)  appropriation  bills.  For  the  yeax  1890-'91  an  estimate  ior  the 
entire  expense  of  the  service  of  $29,500*  was  siibniittecl»  this  snm  being  intended  to 
incltide  tliese  smaller  amounts  allndod  to  and  also  an  item  of  $3,000  to  cover  the  ex* 
p<*nsr  of  :iu  immediate  exchange  of  Parliamentary  documents  with  the  countries 
entering  into  the  treaty  of  Brtis<?el8  of  1886,  a«  well  as  to  provide  for  a  proper  eom- 
peusatiou  to  several  of  the  larger  steamslup  companies  for  transportation  uf  freight, 
a  serviee  now  performed  without  charge.  The  amonnt  appropriated  was  $17,000,  an 
inerease  of  |2»000  over  that  of  the  preceding  fiscal  year. 

CORaBaPONDBNTS. 

The  name  of  eadt  correspondent  of  the  Bnrean,  whether  aocietj,  inatitutionf  or 
individual,  is  entered  upon  a  large  card,  which  shows  all  packages  received  at  the 
13ureau  for  the  person  or  institution  and  also  the  packages  sent  to  lh<'  Rurean  for 
distrihtition.  Thcso  cards  h.ivr  now  accumulated  to  the  number  of  18,848,  divided 
into  foreign  societies,  foreign  indn  iduals,  domestic  societies,  and  domestic  individ- 
uate. The  Individuate  that  have  died  and  the  societies  that  have  ceased  to  extet  are 
still  retained  f6r  convenience  of  reference  in  the  same  file. 


SiM  ii^t  ip«  nnd  imtitntiOM   o,  081  1. 588 

lutliviiliinlfl   1  1         7,072  4.207 


ToUl  ..^        13,053  6,71» 

A  comparison  with  similar  tigures  ibr  li^t^'dO  shows  a  total  increase  of  2,846 
cards. 

INTBRyATIONAL  KXCBAXaB  OP  OFFICIAL  DOCUMEITTS. 

Under  tho  tronty,  tlu-  text  of  which  was  given  in  fnll  in  Pr.  Kiilder's  Report  on 
Exchanges  for  the  year  l887-'88.  the  exchange  of  the  otlicial  publications  of  the 
United  States  Government  with  the  other  Government's  adhering  to  the  treaty,  is 
condncted  through  the  Smithsonian  Institution  Bureau  of  International  Exchanges, 

*  See  report  of  the  Sucrutary  of  the  Smithsoniau  Institution,  i8iM),  pages  18and  19. 
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and  this,  together  with  tho  transmiaaion  abroad  of  tho  publications  of  the  various 
depArtoMiits  or  bnraaiis  of  the  OoTenunent,  now  foraui  a  Tory  largo  proportion  of 
tho  BoTMa'o  work. 

The  ontire  nnmbcr  of  publif'ations  ftont  abroad  during  the  year,  niider  the  provi- 
sion of  tho  net  of  Congress  of  M:m"h  2, 1867,  was  20,683,  and  there  have  been  rereived 
in  return  8,836  packages  or  volumes.  The  United  States  (jovemnient  Departments 
havo  fin^rarded  to  their  eorrespondente  abroad  through  the  Bureau  20,041  packages, 
and  have  reoeivBd  in  return  11,781  packages.  The  total  then  of  the  ezehangea  on 
(iovernmpnt  account  has  been  20,n00  packages  roceiTcd,  and  40,724  sent  abroad,  a 
total  of  61,324  packa;»os  or  iu.~r>  per  cont  of  thr  total  mim]»f»r  handled.  This  ex- 
ehauge  on  accoon).  ot  the  Uoverumont  Bureaus  is  shown  in  detail  in  the  following 
table: 

Statement  ofgwenmenUA  exokanget  diaiributed  during  tk«  gear  2890^91. 


-  1 


|Bieo«ivad 


Amcriran  IC|>>H'Tiiftis. ...   

Anaj  M<Klicui  Museum  

Astraphyaleal ObsNTatoiy  .... 

Attorui  y  General  

Boanlol  Iti'li  tri  •  ornmiMionen. 

Itureaa  ot  Etluc^tiou  

Buraan  of  Ethnology  

Bofwnof  EhcchangM. ......... 

Bureau  of  Medkliw  tti4  Ser^ 

gery  

Bazeaniif  VaTigiiloii  

Baram  «f  Ordnnoe,  ITANavy. 
Bureau  of  Bolb,8tiite  Dipart* 

ment  

Bureau  of  Statistics  

SOTHM  of  If  iat  


CommbMloDcrs  of  tlio  DiMtrict 
of  Columbia  

ConptroUerof  the  CnnoncT.. . 

Dopartanent  of  Agricultan  . ... 

iVp.irtment  of  Inferior  

DeiMirtmeat  of  Labor  

DepMrtecat  of  iNela  

DepMtaMntof  VTar  

General  Lanil  Offit-r  

Honw  of  RepreMintativei*  

Eyalrugnipbic  OfBoo  

index  Hedieoa'*  

latantato  OoiniiMrco  OommlS' 
nlon  

Library  of  Congrciaii  , 

Ught-HouM  'Bnaxi  

Hollonal  AcBdoiny  ■ 


I 
44 

1 
1 
70 
» 
7 

2 
3 
1 

1 
32 
S 
5 

2 
2 
1» 
16 
17 
14 
15 

Ty 
1 

«0 

2 


10 
11 
15 


Katioual  Board  of  Health  

Nautical  Alnuuiac  

Navy  Department  

Offloo  of  Inilian  Affairs  

onici*  Iff  ("lik-f  of  Kngineers.. 
Orduiutcii  Bunuui,  U.  S.  Anny  - 

Ttot'Offioo  Departmoak  

PuliUo  Printer  

Smtfhfionia]!  Inatttutloii  (an- 

nlgncd)  

Smithsonian  Inatltotlon,  mail . 

SmithaonlMi  Inatltutton  

SmitliaoDiun  InBtitatlaii,  n- 

tuni  parkages  

Soldiers'  Home  

Sargeon-General'a  OfDoa  

Prealdeiit  of  the  nnttodStatea, 

Rotauii-  Garden  , 

U.  S.  Coast  Survey  

IT.  S.  Commimion  of  Weights 
and  Mwt«ur>  s  

U.  H.  Kntomological  ComnUa- 

Hion  

U.  S.  Fiah  Commlaalon  , 

U.  S.  Ooologteal  Snrvey  

,   IT.  S.  National  Mu.sotiiii  — 

i   r.  S.  Navnl  Oharrvntory  

'   L:.  S.  Palwut  Office  

 i;  IT.  &  Signal  once  

!  I  n.S.Ttoasaiy-Il6partMieii«.... 


Packa^C'-i. 

Received  Sunt 
tar.    .  by. 


880 
101 
li> 
1 


n 


6,m 
3 


1  : 

SB  ,1 


T«tal. 


2  '. 
20 

•r 

5  I . 
38 


188 


70 


.<  *-2l. 


 j  314 

7.8a  I  

9,273  8.407 


46 

1 

146 

860 

1 

2 

8 

68 

37 

1 

5 

51 

261 

414 

3,870 

•iftft 

2,  i:t8 

ll» 

2,148 

88 

487 

SO 

MO 

7 

1 

28.600 

44.001 

64.601 


*Ttii3  tigure  reproflonta  fltty  flota  of  the  ottictal  publications  of  tlie  UQit4Hl  Statea  Goreramimt  rcccivMt 
Itrom  the  Pnblio  Printer.  Fcnty-thne  aeto  are  now  diatribubed  under  the  law,  and  thno  the  total  num- 
bar  of  paolMges  diatribated  ospeilMwei  a  ndootton  of  8|86B,  kaviag  aa  a  total  61,8St4  pook«gea. 
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Adding  the  mi8ceUaueoiiaoxt  li;iu<;c<*  tothototalof  tiov«mraentcx(  li:mget4,  the  total 
is  90,666  packages.  Of  this  uumber  61,i>19  wcro  received  fur  foreign  and  29,047  fur 
domestic  dlstribntloii. 

The  Oovorumeut  of  Paraguay,  the  tost  to  carry  out  l^e  proWaioiu  of  the  treaty  of 
Briitiscls  for  thi^  immediate  exchange  of  parliamentary  annals,  began  at  the  end  of 
June,  1890,  the  regular  tr;niRmi«sjon  of  the  Official  Journal  and  tho  Gazette  of  the 
Faraguaj  Congress.  Pending  the  passage  by  Congress  of  a  bill  making  special  pro- 
viaioii  to  enable  the  loatitiiUoik  to  carry  out  this  treaty,  as  the  reMgiUsed  Exchaoge 
Bureau  of  the  United  States  OoTemment,  no  return  for  this  exchange  has  yet  been 
maile.  A  bill  appropriatiug  $2,000  for  the  purpose  named  passed  the  Senate  at  the 
last  session,  but  faiU  d  to  reach  consideration  in  tlic  Ilon-^e  of  Representatives. 

It  is  gratifying  to  note  that  on  July  25,  1890,  announcement  was  maile  of  the  es- 
tablishment by  the  OoTemment  of  New  South  Wales  of  a  special  board  for  receiving 
and  transmitting  International  Excliange  pablications.  The  exchange  with  that 
country  has  heretofore  been  effected  through  the  Royal  .Society  of  New  South  Wales. 

Notice  vr:\H  ;i1-^o  r'frivcd  of  the  establishment  by  tbc  ( Jovernment  of  rrnfruny  on 
I)<  i  «>nibci  10,  18U0,  u£  au  Exchange  Bureau  designated  as  theOficina  deDeposito, 
lieparto  y  Cai^je  Internationales. 

KFFICIBNCT  Of  THS  8EBVICB. 

The  Tocommouiiation  for  an  additional  assistant  in  the  shipping  room  having  re- 
ceived your  approval  by  the  transfer  in  October,  1891,  of  Mr.  George  L.  Snider  from 
the  Smithsonian  to  the  exchange  roll,  it  is  beliered  that  the  exchange  work  at  the 
close  of  the  fiscal  yesf  was  in  more  satisfactory  condition  than  ever  before.  Ei^t 
thousand  and  ninety-four  more  paekajxes  Tvere  liaii<11ed  than  in  the  i»rt'viotiH  year,  nu 
increase  of  10.2  per  ccut,  and  on  June  '.iO,  IHltl,  all  that  could  bo  disposed  of  had  been 
shipped,  leaving  but  153  packages  then  on  hand. 

Packages  received  firom  abroad  for  distribution  in  the  United  States  are  sent  out 
by  registered  mail,  a  rooord  being  made  of  each  package  showing  the  sender  and  the 
person  or  institution  addressed .  As  a  rule,  this  record  ran  be  made,  the  package  can  be 
rewrapped  in  stout  paper  and  can  be  delivered  at  the  jmst-olBce  on  the  day,  or  within 
one  or  two  days  of  its  receipt.  In  some  instances  whore  the  Bureau  is  crowded  by 
the  receipt  of  several  thousand  Government  documents,  a  little  longer  delay  may 
take  place. 

Books  for  distribution  abroad  rocoived  from  individuals  or  institutions  in  the 
ITnited  States  are  enfcreil  in  a  similar  way  ami  are  hcM  until  a  sufflcicut  number 
have  accumulated  to  make  a  rcasouable  sliipinent  to  anyone  country.  They  are 
then  carefully  examined  and  a  list  for  each  country  is  made  up  and  the  volumes 
packed  and  shipped.  Where  a  large  number  of  packages  for  one  country  are  re- 
ceived from  any  Institution  thoy  are  usually  Shipped  with  a  delay  of  from  one  to  lour 

or  fivt>  (lays. 

.\u  improveuicnt  in  forei.<,n>  transmissions  has  t)cen  made  in  the  Exchan<Te  Office 
by  iuoreasing  the  frequency  of  .sliipmeuts.  Tlie  tutmber  of  shipments  to  ciicli  country 
and  the  date  of  shipment  is  given  in  Exhibit  A  appended^  but  the  great  need  at 
present  is  a  more  rapid  communication  with  the  principal  European  countries.  This 
can  only  be  etfoctcd  when  the  appropriation  by  Congress  becomes  sufficient  to  enable 
thv  iuHtitutiou  to  pay  for  fast  fn-ij^lit.  it  is  now,  free  freight  is  granted  by  a 
majority  of  the  steamship  companien,  and  wbere  it  is  nee^essary  to  pay  for  transpor- 
tation, the  boxes  must  be  sent  by  slow  steamers  offering  low  rates. 

Dr.  Felix  FlUgcl  in  Leipzig,  and  Messrs.  William  Wesley  &  Son,  in  London,  the 
foreign  agents  of  the  lAStittttiou,  have  paid  the  same  careful  attention  to  its  inter- 
eats  a»  in  former  years.  I  regret  to  note  here  the  death  of  the  senior  member  of  the 
firm  of  William  W'esby  \'  .^ou.  which  occurred  on  April  17,  1S!M.  I  also  have  to  note 
the  death  of  Dr.  Felipe  Poey  on  January  28,  18^1.    L>r.  Poey  bas  taken  charge  of  the 
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Smithsonian  exchanp:*  ^  in  Cuba smce  1876^  and  his  son,  Dr.  Fiedcric  Poey,  haa  kiudly 
offeml  to  continae  tlie  work. 

Grateful  acknowledgments  aro  aisodut^  to  tU**  following  transportation  companies 
anil  ftrnut  for  their  oontinaed  liberality  in  granting  f^ee  freight^  or  ia  otherwiee 
MBsiBting  in  the  transminioii  of  exehaa^  pareels  and  boxes,  while  to  other  ftmis  we 
nru  indubteil  for  greatly  reduced  rates,  in  consideration  of  the  disinterested  servioes 
of  the  institatioQ  in  the  diffusion  of  knowledge. 

MOT  or  SHtPPINO  AGENTS  GIVINO  VRBR  PREIOHT. 

Allan  Sti'amship  Company  (  A.  Schumarher  &.  Co.,  nijeiiti?).  I^dtimore. 
d  Almeirim,  Baron,  Royal  Portugucne  couHul-gt^nerai,  New  York. 
American  Board  of  Cimiinissioners  for  Foreign  Iftssiousi  Boston. 
Ameriean  Colonisation  Society,  Washington,  District  of  Columbia. 
Anchor  St^am^hip  Liuo  (Flendersou  <fe  Bro.,  agents),  New  York. 
Atlas  Steamship  Company  (Piia,  Forwood  &  Co.),  New  York* 
Bailey,  H.  B.,  &  Co.,  New  York. 
Barber  &,  Co.,  New  Tork. 
Bixby,  Thomas  E.,  St  Co.,  Boston. 
Borland,  B.  B.,  New  Tork. 

Bors,  C,  consul-general  for  Sweden  and  Norway,  New  York. 

Botassi,  D.  W.,  cnnsnl-«j«^npral  for  Oreeoe,  New  York. 

Boulton,  Bliss     Dallutt,  New  York. 

Calderon,  Climaco,  oonsol-general  for  Colombia,  New  York.- 

Caldo,  A.  O.,  oonsnl-general  for  Argentine  Bepablie,  New  York. 

Catiicrnn,  R.  W.,  &  Co.,  New  Y'ork. 

BuUuzzi,  X.,  rnnsTil-^r  neral  for  Turkey.  New  York. 

Compagnio,  (idni^rale  Transatlantiqnu  (A.  Forget,  agent),  New  York. 

Cnnard  BoyalUsil Steamship  Compsmy  (Vernon  H.  Brown  ^  Co.,  agent«),  New  York. 

Dennison,  Thomas,  New  Tork. 

Kspriella,  Justo  R.  do  la,  consul-general  for  Chile,  New  York. 

Florio  Rubattino  Line-~Navigasione  Gbnerale  Italiano  (Phelps  Bros.  &,  Co.),  New 

York. 

Grace,  W.  K.,  &  Co.,  New  York. 

Hamburg  American  Packet  Company  (R.  J.  Cortis,  manager).  New  York. 
Hensel,  Bmcknuum  A  Lorbacher,  New  York. 

Tnman  Steamship  CoinpriTiy  flTcnflerson  &  Bro.,  n^^onts),  New  York. 

Mantez,  .Tob<<,  cousul-general  for  Uruguay,  New  York. 

Merchnnt,  S.  L.,  *fc  Co.,  New  York. 

Mono/,  y  Espriclla,  New  York. 

Marray,  Ferris  A.  Co.,  New  York. 

Navsirro,  J.  N.,  consul-general  for  Mexico,  New  York. 

Netherlands  American  Steam  Navigation  Company  (W.  H.  Vanden  Toom,  agent), 

New  York. 

New  York  ami  Brazil  Mail  Steamship  Company,  New  York. 
New  York  and  Mexico  Steamship  Company,  New  York. 

North  German  Uoyd  (agents:  Oelrtchs  A  Co.,  New  York;  A.  Schumaeher  A  Co., 

Baltimore). 

Oharrio,  Molchor,  cnnanl-^ioncral  lor  Bolivia,  New  York. 

Pacitic  Mail  Ste;miship  Couipuny  (II.  J.  BuUay,  su|>ei-iutendent),  Nvw  York. 

Panama  Railroad  Company,  New  York, 

Pioneer  Line  (R.  W.  Cuaeron  A,  Co.),  New  York. 

Perry,  Ed.,  &  Co.,  New  York. 

Pomares,  Mariano,  consul-general  for  8alvn<lor,  New  York. 

R«n1  St.-tr  Lino  (Peter  Wright  &  Sons,  agtmtd,  New  York  and  Philadelphia). 

lioyal  liauish  consul,  New  York. 

Digitized  by  Google 


44 


REPORT  OF  THE  SECKLiAliY. 


Roynl  Spanish  conflol,  New  York. 

Kui?.,  Doiniiif^o  T-.,  coiiHul-general  for  Ecnador,  New  Voik. 

St<*wju  t,  Alexauder,  cousul-gt^neral  for  ParaLcnay,  Waaliiii}j:toii,  District  of  ColimiUi*. 
Tori«^Uo,  Enrique,  consul-general  for  Guatemalu,  New  York. 
YatablAy  IL  A.,  A  Co.,  New  York. 

White  Cron  Line  of  Antwerp  (Fnnch,  Edye  &  Co.),  New  York. 
Wilson  A  Aemus,  New  York. 

LIST  OF  TUE  FOREIGN  CORRB8PONDKMTS  OF  THB  SMITUSONIAN  INSTITUTION  ACTIXG 
A8  1T8  AGBNTB  FOB  THB  IMrBBNATtONAIr  BXCHANGB8. 

Algeria:  Bureau  Frauyaia  dos  Echaiigi  s  Interuationaux,  Paris,  France. 
AnetriarHaugary :  Dr.  Felix  Flugci,  >io.  1,  Robert  Schnmann;  Leipzig,  Ctomuuiy. 
Brasil:  Biblloteca  Naeionul,  Bio  Janeiro. 

Bt  l^'him:  Commission  des  Ecliangeslnternationaux,  Rue  du  Mus^^f.  Nn  5,  Bruxellos. 

British  America:  Mctiill  College,  Montroal,  or  fioological  Survey  Office,  Ottawa, 

British  Colonics:  Crown  Agents  for  the  Colonies,  London,  Euglaud. 

British  Guiana:  The  Observatory,  Georgetown. 

Cape  Colony:  Agent-general  for  Cape  Colony,  London,  England. 

China:  Dr.  D.  W. Doberck,  govenunent  aetaronomer.  Hong  Kong;  for  Shanghai; 

Zi-ka-wei  Observatory,  Sliatighai, 

(.^hili:  ^Inseo  Nacinnnl.  Sautiago. 

Colouibiii  (IJ.  S.  of;:  National  Library,  iiogota. 

CoetaRiea:  Biblioteea  Nacional,  San  Jos^. 

Cuba:  Dr.  Frederick  Poey,  Calle  del  Prado,  29. 

Denmark:  Kong.  Dauske  Videnskaborucs  Selskab,  Copenhagen. 

Dntfh  (tiiinna:  Snrinaamsi-he  Koloniaalf  Biblionit  t  k.  Paramaribo. 

East  Indial  Secretary  to  the  Government  of  India,  Calcutta. 

Ecnador:  Obaenratorlo  del  Colegio  NacHmal,  Qnito. 

Egypt:  Institnt  Egyptien,  Cairo. 

France:  Bureau  Fran^ais  dos  Echaiii^os  Intnrnationaux,  Paris. 

Germany:  Dr.  Felix  Flilgel.  So.  1,  liohi'it,  ScJuimatm  Stras.sc.  Leipzi';. 

Great  Britain  an«l  Ireland:  William  Wesley  «&.  .Sou,  28  Essex  iStroet,  i^trand,  Loudon. 

Greece:  United  National  and  University  Library,  Athens. 

Onatemala:  Inatituto  Naoional  de  Gnatemala,  Gnatemala. 

Gua<leloupc:  (Same  as  France.) 

Haiti :  S?.^cr<^.tairo  d'etat  <le8  relations  ext<^riearee,  Port-an-Prinoe. 

Island:  Islands  Stiptisbokasiifn,  Reykjavik. 

Italy :  Bibliotbeca  Nazionale  Vittorio  Emanuele,  Rome. 

Japan:  Minister  of  Foreign  Affairs,  Tokio. 

Java:  (Same  aa  Holland.) 

Liberia:  Liberia  College,  Monrovia. 

Madeira:  Director-General,  Army  Medical  Department,  London,  England. 

Malta:  (Same  as  Madeira.) 

Mauritius:  Royal  Society  of  Arts  and  Sciences,  Port  Louis. 
Hoaambiqne:  Sooiedad  de  GeografTa,  Mozambique. 
Mexico:  Packages  sent  by  mail. 

New  Caledonia:  Gordon  &,  Gotch.  London,  England. 
Newfoundland:  Postmaster-CJeneral,  St.  Johrtfs. 

New  South  Wales:  Govurnmeut  Board  for  internatiimal  Exchanges. 

Netherlands:  Bureau  Soientitiipie  Ooitral N^'terlandaia,  Den  Holder. 

New  Zealand:  Colonial  Mnaenm,  Wellington. 

Norway:  Kongelige  Norske  Froderika  Universitet,  Chrlatiania. 

Paragon v:  riovernment,  Asuncion. 

Peru:  Biblioteea  Nacional,  lama. 
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I'hilippiue  I^lHuds:  Royiil  Keonoiiiii'al  Sociuty,  Manila. 
Polynesia:  Departmeut  of  Foreigu  Affairs,  IIouolulu. 
Portugal:  Biblioteca  Nacional,  Lisbon. 

QoMiMland :  (lOToninient  Metoorologioal  Obaervaiory,  Briflbane. 

RoTimnnia:  (Saino  as  Ocrniaiiy.) 

BiiNsia :  CommisMion  Kiikho  de.s  KchangoM  laternatioaatix,  Bibliuthi>qne  Itnp^riale 

Fublique,  St.  Petersburg. 
8t.  Hefena:  Director-Oeneral,  Army  Medical  Dapaitment,  London,  Cugland. 
San  Salvador:  Museo  Nacional,  8an  Salvador. 
Serna:  (Sumo  Jia  nermauy.) 
Sonth  AuHtralia:  Cctii  iMl  T'ost-Offifo.  A«U'1aido. 
Spaiu:  R.  Aradeuiiu  do  (.'icnciiks,  Madrid. 

Sweden :  KoDgliga  Svenska  VctenBkaps  Akadetuien,  Stockbulni. 
Switserland:  EidgenossenAebe  Centrid  Bibllotfaek,  Bern. 

Tasmani:) :  Koyal  ^l  iety  of  Tajtiiiania,  Hobarton. 

Turkey:  IJililiotlir-'iHf  CJoiKTalo  Ottniii.nrr,  <'nTi'<t:nitiii()}tlc. 

Umfjuay:  Uflcina  <l.>  I )<  i>r.sit(».  Rrii  nfu  y  Cuuje  luteruucioual,  Moutuvideo. 

Venezuela:  UniveriKity  Liluary,  Cannas.  , 

Tictori*:  Pnblie  Library,  MuMumr  and  Nalional  Oallery,  Melbonme. 

The  system  of  recording  the  correepondence  of  the  Bureaa  adopted  on  January  1, 
1890,  huM  continued  to  give  HatiN fiction.  A  further  iuiprorement  in  keeping  the 
record  of  p?iekaj;je«  rereiv*>fl  hris  been  effected  by  adopting  as  n  wnbstitnte  for  the 
blotter  and  tlay  book  heretofore  in  use  a  record  upon  tieparate  sheet  s  of  paper,  wliich  .iro 
•abaeqneutly  bound  up  aa  a  day  book  and  upon  whieh  a  record  is  made  of  all  packages 
receivetl.  The  packages  to  or  from  each  institution  or  individnal  are  then  entered 
from  these  sheets  npon  the  le<lger  eanU.  The  system  has  the  advantagen  that  several 
persons  rnii  work  upon  (1h>  slicct  at  the  same  time,  and  fhrit  ti<»  cojiviiij^  of  the  rce- 
ord  is  rf<iiiir('<l,  iiitrodui  iii;;  frrors  and  requirinj^^ inm  li  tiim-.  l  liis  tnnn  of  day-book 
aheet  was  ailopted  ou  January  1,  18U1.  A  further  dupliratiou  of  record  hooka  ia 
SToided  by  having  the  authorized  officer  of  the  Smithsonian  Institution,  National 
Uosenra,  Bureau  of  Ethnology,  U.  S.  Geological  Survey,  and  the  U.  S.  Fish  Coramis* 
sion  acknowledge  the  receipt  of  packages  addressed  to  their  offices  directly  upon 
these  «heetR. 

A  new  edition  of  the  list  of  foreign  correHpoudeutt)  of  the  Bureau  iH  urgently  nce<Ied 
to  IS»cilitate  current  work.  The  list  now  in  use  was  printed  in  1885,  since  which 
time  the  list  hse  doubled  in  number. 


ExiuuiT  A. 

TBANSMISSION  OF  KXCHAKOKS  TO  KORKIOy  C0UKTRIB8. 

Argentine  Republic:  October  2,  November  6,  1890;  January  19,  April  17,  Juuo  22, 

mi. 

Austria-Hungary :  lueluded  in  transmisiiious  to  Germany. 

Belgium :  July  17,  September  5,  October  1,  November  3,  December  5,  19,  1890 ; 
January  15,  February  18,  March  9,  Hay  15,  June  20, 22,  1881. 

Bolivia:  Septemlur  10.  1890;  Juue  22,  IXHl. 

r.r  »/il:  .Tuly  14.  Ot  tol.i  r  Ifi.  Nm  r  mh.  r  (1.  IS'.N);  .January  19,  April  17,  June  22,  1891. 

BritiAii  Colonies:  Included  iu  trauHmis.siou8  to  England. 

China:  November?,  1890;  Jnne34,189L 

Chile:  November  6, 1880;  January  19^  June  22,  1891. 

Ctdoinbia^  United  States  of:  September  10,  November  6, 1890;  June  22, 188L 
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Costa  Bicft:  March  28,  Juno  26, 1891. 

Culm:  Jun«i  26,  1891  (.iIho  by  mail). 

Denmark  :  A  ugust  16,  NoTomber  3,  December  9, 1890;  Jauuary  15,  Alarrb  6,  Juno  6» 

Dutch  (iiuaiKi:  Jiiui)  22, 1891. 

East  India:  Inoluded  in  transmiMiona  to  Eugland. 

Ecuador :  September  10, 1890;  June  22,1891. 

Egypt:  SoptpmbtT  10,  1890;  Juue  26, 1891. 

Fiance:  July  17.  Ati-rnHtH.  Soptomber  4,  20,  (  >(  t<>h<  r  1 1, 31,  Xovemher  19, 24,  Decem- 
ber 5, 19, 27, 18JH);  Jiiimary  13,  February  6, 18,  March  6, 24,  April  8, 21,  May  4,  22, 
June  8, 13, 20, 24, 30, 1891. 

Oermany ;  July  17,  28,  August  28,  September  23,  October  7,  28,  November  5, 11,  20, 
28,  Dcn-mber  5,19,  28,  1890;  .January  10,  22.  February  3,  5,  14,  March  6,  23, 
Ajtril  S.  •_'•_>,  Mny  2,  19,  .luno  3,  10,  20,  ISHI. 

Great  liritainaml  Ii«!lan«l:  .Tnlyir.  2.1,  S.  jit.mh,  ,  J,  21,  OcIoImt  13,  2t»,  Nov«'tu- 
ber  8,  17,  21.  D««  oiiilRr  2,  8,  19,  29,  mH);  .Jauiuuy  10,  24,  February  10,  24,  March 
3,  18,  April  2,  25,  May  6,  21,  June  4,  12,  20,  24, 1881. 

Greece:  April  19,  June  26»  1891. 

(•'u.itemala:  .Juik'26,  1801. 

Italy:  July  17,  Auj^ust  2.^>,  S<»pleinber  11.  2}>,  October  31,  November  24.  l)occmb«r9, 
19,  1890;  Jauuary  8,  19,  February  12,  24,  April  7,  28,  Juue  5,  20.  23,  18<»1. 

Japan:  AuguMtti,  September  30,  November  7,  December  9, 1890;  January  8,  March 9, 
May  10,  June  24, 1891. 

Librria:  .Tun.  215.  1891. 

New  South  Wales:  August  6,  November  8,  December  8, 1890;  March  9,  May  8,  June 

24,  1891. 

NftluMlundg:  July  17,  September  6,  November  4,  December  19,  1890;  January  14, 

February  14,  March  3,  May  29,  June  20,  24,  1891. 
New  Zealand:  August  6,  September  13,  October  13,  November  8,  December  8,  1800; 

Jauuary  8,  Man  h  9.  May  8,  June  24, 1891. 

Nicfirfiirnri :  .Tmic  2fi, 

Norway:  July  17,  September  11,  1890;  March 2,  Juue  1,  24,  18UI. 
Peru :  Septemhw  10,  November  6, 1890;  June  33, 1891. 
Polynesia:  June  24, 1891. 

Portugal:  July  17,  September  11,  18'Mi;  .January  13,  March  .1,  Juue  8,  24,  1891. 
QuecTisland:  Aujc^u^t  6,  September  13«  November  8,  December  8, 1890;  March  9,  May 

8,  Juue  24,  1891. 
Roumsinia:  Included  in  transmissiuus  to  Germany. 

Russia :  July  17,  September  6,  October  81,  November  11,  December  19, 1890;  Jannaiy 

8,  February  G,  14,  28,  April  14, 30,  May  28,  June  30,  24, 1891. 
Si  Tvia  :  TiK  liidcd  in  tr.'iusnussions  to  Germany. 

San  .Salvador:  .Tune  24,  1891. 

South  Australia:  Auj^ust  6,  November  8.  1890;  March  9,  June  24,  1891. 

Spain:  September  8,  December  9, 1890;  January  13,  February  28,  June 24, 1891. 

Sweden:  Jniy  17,  September  8,  October  30,  November  5, 1890;  February  27,  April  11, 

May  16,  June  21,  1891. 
Switzerland:  July  17,  .Siptember  10,  November  4,  December  9, 19, 1890;  January  19, 

22,  February  14,  March  7,  April  13,  .luue  1,  21,  1M91. 
Tasmania:  September  13,  December  8, 1890;  March  9,  Juno  24,  1891. 
Turkey:  April  10,  June  26, 1891. 
Urugtuiy:  Novembers,  ISIK);  June  22,  1891. 
Venezuela:  September  10,  Novf-mb.  r  fi.  1890;  June  22,  1891. 

Victoria :  August  6,  October  31,  November  8,  December  8, 1890;  March  9,  May  S,  June 
24,  1891. 


Digitized  by  Google 


REPOHT  OF  TH£  S£Ctt£TABY. 


47 


lu  addition  to  the  ubovu,  sbipint^titH  ol  Luittnl  .stat«  H  €oujj:rc5>sional  publicatlous 


•WW  made  on  October  11,  1890,  January  8,  May  15,  1891, 

to  thu  goTemxnenta  of  the 

followine-tiamod  oonntriea: 

At*CM^Tll»illA  RAMthlifk 

JKCU  VAUw  MJV^MW  U  MM9  4^  • 

vrai^Hv  iJiri,iiiiui« 

miaeia* 

(It'll. 

n  <i  1 1 1 . 

I  VrLA'fi  ft  i\ 

I~i  11  n  *F*B  1*1* 

riinijj;«ii^  • 

Sftxon y. 

ooutu  AustraiicV. 

BQ0DOB  AVfM. 

Italv. 

fino.tn 

opitiu. 

Brazil. 

•fapaii. 

*J              u . 

Canada  (Ottawa). 

Sw  i  t  /rrlfiiiil 

Canaila  (Toronto). 

N«'tbf'rl;ni(1s. 

Tasmania. 

CUile. 

Kow  .S4intb  Walfs. 

Turkey. 

Colombia*  United  Statee  of. 

Kew  Zealand* 

Yenesnela. 

Denmark. 

Norway. 

Vietoria. 

Prance* 

Pern. 

Wuttemberg. 

Germany. 

Portngii). 

Thp  distrihntion  to  fofelgnconutriee  waamadeiu  BfiSteaseB^repxeaentuigSSStranB- 
ini.K.sions,  aH  follows: 

Japan   U 

Liberia   1 

Mezieo  $   3 

New  South  Walee   9 

X«!tbtTlaiids   13 

New  Zealand   12 

Nirnrnijna   1 

Noiwav   8 


Arjurenttue  Uepublio   8 

Austria  t   3 

Badent   8 

BaTarf  a  t   S 

Hcl(i:inm   15 

l{..livia    2 

Biii'uo8  Ayres   3 

Brazil   9 


British  Colonies  t  !  Peru   6 

Canada  (   6  |  Polynesia   1 


China   2 

VhWn   (i 

C  uiuuibia  (United  8tateH  oi)  .......  (i 

CoHtn  Kica   2 

Cuba$   1 

Denmark   10 

Dutch  Giiiaua  

Kast  Indies  

Ecmidor  

Egypt  

France  

Germany   'A2 

fireat  Uritain   .S2 

Greere   5 

Guatemala   1 

Haiti   8 

Hungary  t   ^' 

Italy   20 


1 

?? 

2 
2 

28 


Portugal  ,   9 

Prussia  t   3 

Queeuflland   10 

Roumaniaf  

Russia   18 

Saxony  t   '8 

Servia  t  

!^nn  Salvadiir   1 

South  Australia   7 

Spain   8 

Sweden   11 

Switzerland   15 

j  Ta.smania   7 

I  Turlif-y   5 

Uruguay   2 

Yenesuela   5 

Victoria   10 

Wurtcmbergt   8 


Very  respectfully,  yonr  obedient  servant, 

Mr.  S.  P.  Langlky, 

SeeteUirp  SmUh§imian  InttHution. 


W.  C.  WlNlX>CK, 


"  Trau8miwiou»  to  Mexico  have  been  Buspended  temporarily, 
t  MisceUaneouB  exchanges  included  in  tranemissions  to  German. 
\  Miscellaneous  exchanges  included  in  tranioiiasions  to  Great  Britain 
%  In  addition  to  a  large  number  sent  by  maiL 
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REPOKT  OF  THE  ACTING  MAAA(;i  K  OF  TliE  NATIONAL  ZOOLOGICAL 

FAKK. 

Slit:  I  have  tlio  honor  to  KulMiiit  tli«'  following  report  of  the  operations  of  tho 
National  Zooloj^ical  Park  for  thf  tisi-al  yi'ar  fudiiiji  .Ttiiic  'M),  1891. 

At  th«»  op*>i)iii<x  f^f  tho  year  the  \ut\(\  for  the  i>;irk  \v:is  not  yet  all  acquired.  Step^ 
were  taken  to  expedite  tho  final  aequisitiou  us  inueh  sv*  poHsible,  yet  it  \va«not  until 
November  4, 1890,  tliat  posseiMion  was  finally  obtained  of  the  entire  tract. 

In  the  mean  time  arrangemmite  were  made  to  repair  the  old  Holt  mansion,  eitnated 
npon  the  h>ft  bank  of  tiie  creek,  in  flticli  a  manner  as  to  fit  it  for  occupation  an  an 
i>f?i(  (•  for  the  park.  Th«'  old  hnildinp;  vrnn  f»mnd  t<i  refjuire  much  more  ext»»nsive  re- 
pairn  than  were  anticipated.  It  is  a  lonp,  low  structure,  built  rather  lor  co<due«8 
and  conntry  retiruuient  ttian  for  purposes  of  business  activity;  and  tbe  walls,  al- 
thonith  tfairk,  were  found  to  be  cracked  and  crumbling,  and  the  foundationa  to  be 
hiL;1il  v  iniseeure.  Before  anything  else  (  ould  be  done  F»evcrnl  of  the  walls  had  to  be 
repl.K  I  (I  new  ftiinidritioTis  Iriid.  This  eon.*4umed  the  «xri-nter  part  of  tlw  appro- 
printion  au«l  it  \va«  only  (loHHihle  |o  finish  two  ro«»M»s  to  l>e  oecupiotl  as  an  oHire.  A 
small  barn  with  stabh)  was  built  near  the  liouse  tor  the  accommodation  of  the  horses 
required  for  the  park  8er\'ice. 

An  inclosnre  of  the  park  being  found  imperatively  necesaary,  a  design  for  a  fence 
was  made  hy  Mr.  W.  K.  Emerson  and  this  was  erected  an  fa^t  as  the  land  was  tinally 
ae»jnirp(!  l»y  the  Unite<l  States.  It  is  of  sfont.  iinpaintrd,  oak  palingn,  iiit^^nded  not 
HO  much  to  I'cgulut'O  the  muvemeuts  of  the  public  us  to  keep  out  Uu^  and  animals 
iiyarioas  to  the  creatnrea  ia  the  indoenre. 

As  a  preliminary  to  the  laying  out  of  roads  and  selecting  sites  for  hnildinga,  Mr.  I>. 
J.  Howell  was  employed  to  make  an  accurate  topographical  survey  of  the  park.  The 
to])Of;rai»hical  W(»rkof  the  ('«»a>f  Survey  was  used  as  a  lirisis  for  this,  the  contours 
being  carefully  corrected  and  the  highest  levels  reached  by  llie  water  in  Kock  Creek 
beiug  noted  wherever  it  w:ui  possible  to  ascertain  them. 

For  reasons  of  economy  it  was  thought  best  to  lay  out  for  the  present  hut  a  single 
road,  which  should  cross  Kock  Creek  on  a  continuation  of  the  so-culled  Quarry  roivd, 
whi«  li  Ill's  mainly  outside  the  gates.  Thism:iin  road  within  thi-  j)ark  was  stakf<1  out 
irt  a  widili  ot 'AO  feet,  and  lias  been  carefully  irradi'd  and  macadam i/.ed  for  a  itistance 
of  some  ;i,<IO()  feet  from  the  entrance.  Ileyoud  this  a  road,  formerly  a  cart  track, 
leads  through  the  park  to  the  western  boundary,  and  has  been  somewhat  improved 
for  its  entire  length  to  afford  some  partial  access  for  earriages  in  this  direction. 

The  "crt'ck."  socalledf Which  it  will  be  remembered  is  really  a  <iuick-running  stream )y 
is  «>rdinarily  fordal>le  nt  a  jtnint  lu  ar  tliat  wh»  rc  the  niad  (■rf>«<«i«'<«.  hut  this  ford  is  im- 
passabh>  in  times  of  th)od,  and  extraordinary  precautions  had  to  be  taken  to  secure  a 
crossing  above  high-watermark,  the  narrowness  of  the  stream  and  the  precipitous 
character  of  the  Hurronndtng  hills  which  it  drains  making  it  necessary  to  provide 
for  a  rise  of  at  least  ir>  firt.  Thnsa  "fill*' of  considt-rable  extent  was  required  on 
hot  It  approaches  to  fh4>  liridgo,  a  condition  that  greatly  increased  the  expense  and 
hil>or  of  making  tiie  road. 

Measures  wcri!  at  once  taken  to  erect  a  bri«lge  suitable  for  foot  passengers  and 
earriages.  Several  plans  for  such  a  stnicture  were  submitted,  examined  and  rejected. 
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mainly  becanse  of  tbo  {;frenfc  cost  which  thfir  execution  wnuM  (  ntail.  A  plan  pro 
pared  by  Mr.  I».  J.  Howell  woh  linuUy  Helected  ah  being  eliet  tivr  for  the  piiri)os6 
requiretl  at  a  luiiiimniu  of  expense.  It  in  a  combined  iron  and  wooden  8truciure,  128 
fott  in  length,  re«ting  upon  two  granite  piers  and  two  abutmentB.  The  plane  were 
earafbUy  examinecl,  and  criticised  by  skilled  experts,  and  were  bellcTed  by  oompe* 
tent  eii|B^necr8  to  be  suffietent  to  withHtand  any  flood  likely  to  occur.  At  the  cloM 
of  the  fiscal  year  the  piers  and  abntmente  bad  been  completed,  but  the  supeietrac- 
ture  wuH  not  yet  iu  place. 

The  quarry  near  theentoanee  to  the  park  seemed  admirably  fitted  for  the  coustruc- 
tion  of  dens  and  yards  for  bears.  In  order  to  aseertain  its  condition,  it  was  cleared 
of  a  great  quantity  of  loose  esirth  :in<l  rock  which  had  fallen  from  the  clifl^  above.  t 
The  qnarrv  f  n-.-  was  fotnifl  to  ))»•  iit  most  jjlaces sufficiently  sterp  topr»went  the  bears 
from  climbiuf;  it.  ;in<l  wlu-n^  thin  was  not  the  case  the  necet»8Hry  Kt^'cpness  was  ob- 
tain^ by  bloMtiug.  To  aftord  shelter  for  the  bears  spacious  dens  iu  which  shelves 
were  fashioned  were  hollowed  ont  firom  the  face  of  the  rock,  and  in  fbont  of  these 
Acre  was  built  a  strong  iron  fence  10  feet  in  height  inclosing  yards  of  considerable 
extent.  Tlie  upper  ends  of  the  vertical  bars  of  the  fence  were  pointed  and  turned 
inward  to  prevent  the  escape  of  the  bears,  the  floor  of  the  yards  was  smoothly 
cemented,  and  a  large  basin, supplied  with  ninuiu}?  water,  built  iu  each.  Work  upon 
these  yajrdb  has  been  frequently  intermpted  by  the  falling  trom.  the  slopes  of  largo 
quantities  of  earth  and  rock.  To  obviate  this  Mr.  Olmsted,  the  Imdscape  gardnter, 
haa  advised  that  a  retaining  wall  be  built  at  the  top  of  the  ciifls.  But,  as  else- 
where ''tMtfMl,  the  park  iMHiiidarv  runs  at  the  upper  i  tU^t-  of  these  clifTs  and  only  a 
partial  control  of  the  dithculties  can  he  obtained  unless  tli*-  park  projtcrty  is  ex- 
tended here  some  yards  further  back.  The  system  of  yards  us  projected  includes 
three  principal  inclataiw  and  a  smaller  one  to  be  used  as  a  shifting  pen.  At  an  early 
day  this  system  will  have  to  be  enlaiged,  as  Hie  park  haa  now  four  species  of  bears 
and  one  snbspcrieR. 

The  brow  of  the  tirst  hill  overlooking  the  bridge  was  selected  ns  a  site  for  a  house 
for  animals  requiring  heat.  The  design  for  this  house,  furnished  by  Mr.  Emorsou, 
was  somewhat  modified  to  suit  the  eadgeneiee  of  the  appropriation  available,  it  being 
found  impracticable  to  eieet  more  than  a  portion  of  the  stmcture.  The  house  Is  of 
stone,  ahandsome  gneiss,  qoarried  upon  Broad  Braiu  li  some  2^  mUes  from  the  park. 
It«  plan  shows  ;i  1on<^  corridor  upon  one  side  of  which  are  arranged  the  cnjjes  for 
large  animak.  lilxterior  yards  an«l  an  extension  for  the  accommodation  of  smaller 
ajiimals  will  be  added  if  funds  are  appropriated  for  that  purpose.  At  present  the 
honse  is  much  overcrowded  and  the  animals  are  not  suitably  acconunodated. 

Accommodationa  for  the  small  herd  of  bison  were  early  considered.  It  s^med 
desirable  to  place  these  animals  where  tlit  y  couM  have  considerable  range.  %Vhen 
confined  even  in  large  yards  they  cut  nj)  tin-  f^romid  so  much  that  they  soon  destroy 
every  vestige  of  grass  or  other  green  thing.  iStill,  if  the  inclosures  are  too  large  the 
miw^u.  keep  so  fiir  away  as  not  to  be  seen  at  all  by  the  public.  A  site  was  aeleeted 
in  a  protected  locality  on  a  hillside  where  small  paddocks  could  be  made  along  the 
mainroail  and  larger  yanls  for  grazing  grounds  could  be  carried  firom  these  down  into 
the  rich  bottomland  along  Roek  Creek,  where  abundance  of  qfrnss  is  naturally  produced. 
Here  there  was  constmcttnl  a  bam  for  the  buil'ulo,  which  is  a  novel  and  picturesque 
structure  of  black-oak  logs  admirably  harmonizing  with  the  location.  The  appro- 
priation was  so  limited  that  it  was  found  necessary  to  place  the  elk  also  in  this  bam, 
and  paddocks  for  them  were  accordingly  built  a^ioinlng  it.  Inexpensive  but  strong 
fences  for  these  paddocks  were  mnd»-  of  iron  rods  running  horizontally  thirtugh 
ron^h  eedar  post^*  and  conjjled  to^xctlu-r  at  the  ends.  Some  difflcnlty  has  been  found 
with  the  elk  fence  which  hiis  not  stood  the  conlinmius  battering  given  it  by  the 
males  during  the  mtting  season  as  well  as  was  expected.  The  original  plan  of  ex- 
tending the  paddocks  to  the  bottom  land  of  the  creek  will  shortly  be  carried  ont. 

Paddocks  for  the  di  er  and  antel(»pe  liiive  been  constructed  on  the  left  bank  of  the 
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creek  ahtng  th«  eastern  boundary  of  tlio  park.  This  situat  ion  is  admirably  sulaptcd 
by  nature  lor  the  auimuJii,  but  has  tlie  disadvoatuge  of  expoeiing  them  to  the  eight 
of  dogs  both  ou  the  onteide  of  the  park  and  vithin  it.  Three  animals  have  been  «o 
fHghtenod  as  to  lose  their  livei  from  thia  cauae,  and  it  will  he  naceasaiy  to  make  the 
fence  8o  tight  :iA  to  (>ntirely  prevent  the  Hight  of  dogK  :uid probably  itvill  be  adviaa- 
ble  to  excbitlf  tliem  from  fltis  p.irt  i»f  tbf  park  altogether. 

'I'ho  uuexi)ecfe«l  uf  an  Asiatic  clrjihant  by  Mr.  Janien  E.  Coo]ht  mndt-  it  iu'fi'»»- 
«ury  to  hastily  prepar«^  a  barn.  This  is  a  temporary  structure,  but  will  be  ho  litted 
as  to  serve  for  shelter  during  tbo  winter.  It  yrm  prepared  for  but  one  animal,  but 
by  Mr.  Cooper's  generosity  a  second  elephant  was  lent  to  the  park,  and  the  two 
have  been  made  «"onjfortablc  within  it.  The  situation  of  thin  barn  is  not  wholly  sat- 
i.sfactory.  At  the  time  it  waw  bnilt  it  was  tliought  desirable  1<>  place  it  at  a  considera- 
ble diittauce  from  the  boundaries  of  the  park  iu  view  of  the  possibiiity  of  the  ani- 
mals becoming  unmanageable*  These  apprehensions  were  Ibrtnnatdy  not  well* 
founded,  and  it  would  be  mack  more  eonvenient  to  bave  the  elephants  nearer  tke 
stream  so  that  they  couldfrequeutly  have  immediate  access  tO  the  water.  If  funds 
for  tlif  I  rcctton  of  a  permanent  elephant  house  slioiild  bcconi*'  availaMc  this  matter 
will  no  iloultt  be  considered.  The  expense  of  tbo  maiutouance  of  the  elephants  is  very 
great,  and  it  should  be  remembered  that  the  estimate  for  the  LiHt  year's  expenditure 
was  made  without  the  knowledge  that  it  would  be  necessary  to  meet  so  heavy  an 
item  as  the  cost  of  erecting  a  special  building  and  providing  keepers  and  provisions 
for  these  two  animals. 

As  a  colouy  of  prairie  doifs  had  been  for  some  time  a  featnro  of  the  collection,  it 
became  ueeesaary  to  provide  suitablu  accommodations  for  them.  Although  a  broad 
open  meadow  would  best  resemble  their  natnml  habitat  it  was  thought  beat  to 
place  them  in  a  little  thicket  of  trees  to  the  west  of  the  main  drive.  Here  there  was 
built  an  inclosing  wall  3^  foet  high,  and  froui  the  footing  of  this,  galvanized  iron 
HU'sh-w«>rk  was  pla<>ed  in  a  tretn-li  H  feet  deep.  This  has  lieeti  found  suftieient  to 
completely  confine  them.  It  is  believed  that  this  iron  net  will  not  corrode  wlieu 
buried  so  deeply  iu  the  grouud.  If  this  proves  successful  for  a  series  of  years  it 
will  be  a  great  advantage,  as  it  has  usually  been  thought  in  Zoological  Oardens 
nece.s.sary  to  excavate  completely  the  indosures  for  borrowing  animals  <an<l  to  ec- 
ment  tlu'  liottoni.  Tliis  is  very  expensive,  and  the  result  is  that  but  few  ctdonies  of 
'ourrowiii;;  animals  ate  seen.  It  is  hoped  to  :idd  several  colonies  of  this  nature,  Lu- 
ciiHliitg  some  of  the  most  characteristic  American  rodents. 

A  list  of  the  accessions  to  the  park  during  the  year  is  given  herewith.  (Eschlbit 
A.)  Many  of  them  could  not  be  accommodated  in  the  houses  already  erected  and 
have  been  assigned  to  quartiTs  m«ire  or  b^ss  temj»orary  or  to  small  rages  scattered 
along  the  main  rojul.  Many  more  animals  eimld  have  been  procured  had  it  been 
possible  to  suitably  accommodate  them.  Tiie  most  imimrtant  ac(;ession  is  the  Asiatic 
olephant "  Dunk/'  which  was  presented  to  the  park  on  April  30,  1891,  by  Mr. 
James  £.  Cooper,  tlie  proprietor  of  the  Adam  Forepnngh  shows.  The  elephant  is 
a  tine  animal,  about  25  years  of  age,  very  d«icile  and  tractable,  and  a  very  valuable 
addition  to  the  c<dle<'1inn.  Mr.  Crmper  not  only  gave  this  elephant,  bnt  in  order 
to  insnre  success  in  ke«'piu^  him  l<»aned  another.  "  tJolddust, "  to  serves  a  a  eom- 
pamoii,  It  being  well  kuown  tliat  solitary  elephants  sulier  greatly  from  loueliuu3.H. 

When  commissioners  were  sent  toSouthAmorica  to  collect  material  fbrthe  World's 
C'Olnmhi.iu  E.\]»usition  of  1883  it  was  tlioughtfuUy  suggrsted  by  Mr.  W.  £.  Curtis, 
ehii'f  <d'  t)ie  Latin-.Vmericaii  Hureau  of  the  State  Dt'partment.  that  they  might  be 
also  willing  to  collect  animals  for  the  ]»ark.  Authority  wa«  tin n  fore  <|ivr'n  them  to 
incur  ♦•xpeuditures  not  to  exceei!  :f.!n<i  for  each  person,  and  several  accessions  have 
bet'n  niiub'  by  this  means.  The  experiment  has  not,  however,  proved  as  satisfoctory 
as  ecnild  hp  wished,  as  the  auimahi  sent  are  usually  badly  cared  for  on  shipboard. 

Several  animals  have  been  Itorri  in  the  park  during  the  year,  the  most  noteworthy 
being  a  youmr  fim  i N-  l>is(ni.  It  i>  lu  licvi-d  that  these  animals  will  lireeil  freely  in 
confinement  and  that  by  thi^  means  tUetipecies  m^y  hekeptii^deliai(cly  purjic^.uut'^^^i 
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Th«  mortality  during  tho  yoar  has  be<'n  <-'on8itl<'rabl<\  A  irrpat  |iro|»f>rTinM  of  the 
aniinals  that  have  died  have  anccumbed  immediately  after  arrival,  ciihcr  buiug  in 
bad  condition  from  injury  or  otherwise,  when  shipped,  or  being  too  delicate  to  stand 
transportation.  Those  who  send  specimens  to  the  park  should  always  take  care  to 
keep  the  animals  in  eonfinement  for  some  time  before  shipping  and  should  ask  for 
(lin-'  tioTis  IS  to  the  proper  method  of  bo^cing.  Many  animals  are  killed  by  licing 
8«'ut  111  ail  iinjjropt  r  manner  ami  by  being  either  starved  or  provided  with  improper 
fowl.  The  aiiiiualti  received  from  South  America  have  bt  «'u  very  frequently  mori- 
bund when  received.  This  is  partly  dne  to  the  customs  regulations  at  New  York  City, 
whieh  cause  eonsideiable  delay  in  the  reshipment  of  animals  to  this^eity. 

Tlie  beautiful  speeimen  of  the  big  horn  sheep  (Oris  montana)  succumbed  to  an  at- 
tack of  apoplf'xy.  while  tho  animals  were  still  conrtned  in  tb»>  roiitr;i«  ted  yards  in 
the  rear  of  the  Smithsonian  Institution.  A  prwt-mortem  examination  showed  the 
animal  to  be  in  an  excellent  physical  condition,  and  it  is  beli«>tved  that  lack  of 
exercise  was  the  principal  cause  of  the  disorder  that  terminated  its  existence.  As 
ihras  can  be  judged  from  this  ctise  there  appears  to  be  noreasou  whatever  why  this 
sheeji,  so  rare  in  zonlo^^ii  al  rollei  tioiis.  slimiltl  ni)t  tlirh  <>  in  captivity  if  a  suitable 
range  of  rocks  and  clitfs  such  as  is  found  in  the  National  Zoological  Park  is  given 
to  it. 

The  close  of  the  year  finds  the  work  of  the  park  progressing  steadily  and  as  rap- 
idly as  the  Ainds  appropriated  by  Congress  will  admit.   The  interest  of  the  public 

is  found  t-o  be  very  great,  much  moro  in  fa(  t  than  had  Vieen  antif  ipatcd.  There  can 
b«  no  doubt  that  in  the  course  of  a  few  years  Un-  jiark  will  biH  oinc  one  of  tlic  chief 
attractions  oi'  a  city  already  famous  for  its  sights,  ottering  sis  it  <loes  u  combination 
entirely  uniiitu>,  exquisitely  beautiful  natural  scenery  with  the  cbanuiug  aspects  of 
Taried  animal  life. 

It  has  already  been  noticed  that  the  one  rowlway  is  loo  narrow  lor  the  accommoda- 
ion  of  the  large  number  of  carriages  that  fretim-nt  th*^  park  on  Sundays,  tlic  llirnugs 
between  the  hourn  of  3  and  5  p.  m.  being  so  great  as  to  endanger  vinitors,  and  it  it 
earnestly  desired  to  extend  the  system  of  roads  in  accordance  with  a  plan  already 
laid  out.  Tlie  bridge,  firam  necessary  economy,  was  restricted  to  a  width  just  suffl* 
cieutto  allow  carriages  to  pass,  no  footway  being  provided.  In  view  of  the  throng 
alri-ady  referred  to.  this  offers  another  source  of  danger,  and  it  is  rontfinidatcd  build- 
footways  on  i)rojecting  brackets  alongeitin  r  side  of  the  l)ri(l;^('  slionld  funds  be 
uppropnated  for  the  purpose.  Either  this  or  a  bridge  for  fuol  passeugers  alone  will 
be  absolutely  eaeential. 
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List  of  a4X€SHiOU9. 


Name. 


I  Speci- 
mens. 


Black-raced  CmUU  {AtelM  aitr}  

Piiin»(J*eIiff  emcolor)  

Ocrlot  ( Frli* pa rdalit}  

Wililrat  iLynx  n{fuJi)  

Black  Wolf  {CaniM  oecidentalU  var.)  

Cojwte:  FMlrie  Wolf  (OatnU  latnm^  . . , 

Bed  Fux  ( Vutpet  fulvut)  

Mink  f  Puto  t  in*  ri*an\  .  .  ...   

Black  f««t<'il  Ferret  (I'utoritit  nigr\pe»)  . 

BrUtled  WibbmI  (IWriitt/rmafiur)  

CiMiiiistle:  Ain«fi«aii  Civ«t  Cftt  <Km 

tari*  tuttita)   

American  Badger  {Taxidra  atnericana)  , 

Baoooon  (Procyon  lotor)  

Harbor  Seal  (PhMavUnUna)  

.V^i.itir  Klrpliaiit  <  FJ'-j'fia»{$tdUmi  -  ' 

Peccary  (DicoUjU*  t<ija^u\  

Vlrginift  iK^r  (Cariuctit  virginianm  )  

South  AmerlcaB  Bed  Deer  (Gmmmw  n</W) 
£iirop<>aa  Hedgehog  (J^Hnoenw  enro- 

poms)  

Rctl  Squirrel  (•Seiuru4  hudtotiiuM)  

Gray  Squtrral  (SHunu  earoUnnuta)  

Flying  Sqiiim-I  iSeiuroptemgtvkutlM .. 

CliipJniTuk  (Tamias  ttriatun)  

Prairie  D»g  (Vynomyn  ItuLoticianwt)  

Woodchack  {A  refomy*  vwnm)  

MiiHkriit  {Fiber  zibfthieu^  

B^'aviT  {Cai<fr>r  fihfr)  ... 
Cauad»  rurcu]iiii«>  {F.rethizon  dmsalut) . . . 

Created  Porcupine  {HyHrtx  eri$tata)  

English  Bfthti{((£gNW  Mmi«iiiMi}  


AVl)it»'  Itjlhbit  (Lrput  ruii!-"it!nf^  

Angora  lialjl>it  {lyput  e%tnimlut)  

Gray  Rabbit  [I^ptu  iylcaUcu*)  

White-tailed  Jack  Babbit  <£«f»i(v  earn'- 

pettrit)   

Black-tailed  .Tack  rabhit  (Lrptt*  eaUoti*) . 

Agouti  (Ikityproeta  agouti)  

Qoinea  Pig  (GIbbmi  operea)  


2 
1 

2 

;i 

1 

8 

1  ' 

'  i 
3 
6 
% 


S 
t 

8 
1 

;! 

3' 
"*  , 

*i 

2  i 

3 

3 


Name.  J 

Smalt  Anteater  (Ibmaiidhis  MrmiaiUyla) . 
Small  AnoadlUo  (ItewCa  iiaMaMiiwta) . .] 

OpoHHuui  {IHdtlphyi  virrjiniatxa)  

Pieil-l>ill«Hi  Grebe  (PodHirmbv*  podietpt)  ' 
Night  Heron   {Xyctieorax  nyetieorax  , 

IMSHlU')  

Cariama  ^.Cariaina  erirtata)  

W«»o«lc<K'k  (Philohfla  minor)  

Quail:  Bob  ^VLito  (Ciflinuii  mrjiniaiiu*) 
Sealed  Partridge  (€MHpepla$^mMn) . . 
I.^ghom  Chicken  (Oalltu  banki^a)  ...... 

Pe.1  Fowl  (Pani  crvttata)  

Marsh  Hawk  (Virais  hudtonim )  

Red-ebonldered  Hawk  {BuUo  Uneatut)  . 
Bald  Eagle  (JETatkMAw Uuetctph^tuit .... 
Sparrow  Hawk  {Faleo  fparrmiit)........! 

Bam  Uwl  (Stria  praUneota)  

I^ng^ared  Owl  (Aj<»  mkoHianua)  j 

Shortreared  (hrl  (A«i»  tudpUfimu} ..... .1 

Acnilian  Owl  (Xyettila  acadica)  

Sor»K?cli  Owl  {Meycueopi  ano)  ' 

Great  Homed  Owl  {Bubo  vifgiHianut)  . . . 

Honed  Lark  (Otoeorff  alpM<r>t)  

Crow  {Carviu  amtricanw)  , 

AUiffntor  {Alligator  miitisnppirnris)  

Gm-n  Iguana  {Iguana  Sp.1 )  

Chaek-molly  {Sawivmdbu  vUi}  

Horned  To.-id  {Pknjnotomm  domglatH).  .. 
Gila  Monster  {Ueloilenna  grurp^fum)  . . . 
G  1.188  Snake  {Opkeotauru*  ventralis) , . , . . 
Galapagos  Tortolae  {Tuiitd*  ^pkSppiitm}. 
Orouiid  Batlleaaake  (OmhKmihi  mUiBrta} 
Water M<K-(  ;isiii  {.{ncittrodon  pi-teivorui)  .' 

Co]>|M;rbciMl  {Ancitlr&don  eontortrix)  

Uog-Doaed  Adder  {UeUrodon  platyrkinut) 
Black  Snake  (Bawaailen  eenttridfr)  

Jtnll  Snake  {fStyophi*  sayi )  

Green  Snake  {Cyelophi*  verntUU)  

King  Siuvke  (Ophibolu*  getului)  

Milk  Snake  (OpkjialiwilBfjMM)  


Specl- 
roeus. 


Very  rrapectfull J, 

Mr,  8.  P.  L.vx(ti-KY, 

Hc^etary  Smithsonian  InsUttflionj 


Fbank  Bakrr, 
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Appendix  IV. 

KEPOBT  OF  THE  UBRAiilAN  FOB  THE  YEAB  ENDING  JUNE  30,  1891. 

8tB:  I  have  the  Iioiior  nq^etfially  to  rabmit  my  report  on  the  work  of  the  library 
dnzing  the  year  from  July  1, 1800,  to  Jnue  90, 1891. 

TIk'  \v.>!l<  of  rpoorfling  ami  caring  for  the  arc«>8Hion8  has  hp<'u  carri<'<l  on  as  during 
the  precctlmg  year,  the  cutry  aumbers  on  the  acceasiou  book  rimikiug  from  207,176 
to  225,585. 

T%e  foUotriiig  eondeneed  statement  ehowe the  oharaeter  and  number  of  these  acees« 
sions: 

PuiftlioaMoiw  TwAttA  fteiwem  «/«ljp  i,  1890^  antd  June  SO,  IS91, 


VohiiDfls  

I'nrtti  of  voIumcH. 

Pamphleta  

Cfuwia  


n<  t.i  vo  or 
ttumllur. 

Qnairto 
or  liirgor. 

Total. 

837 

2,«81 

9,43» 

U,086 

20.  .V>5 

3,130 

638 

3,700 

sto 

1 

Of  these  imblicationa,  7,720  (namely,  424  volumes,  t>,4i:>  pui  lH  ot  %-olumeM,  and 
883  pamphlets)  were  retained  for  use  in  the  National  Mnseuui,  nudTO4  medicaid^ 
Bertations  were  deposited  in  the  library  of  the  Snvgeon-Oeneral,  U.  8.  Army.  The 
remainder  were  promptly  sent  to  the  Library  of  Congress  on  the  Monday  following 

their  rff<'i]»t. 

Til  carrying  oat  the  Secretary's  plan  of  increasing  the  library  by  exchanges,  1,327 
letters  asking  for  now  exchanges,  or  calling  attention  to  deficiencies  in  series  already 
in  the  library,  weve  written ;  and  in  response  475  new  exehangee  were  acquired 
by  the  Institution,  and  248  defective  serie-s  were  completed,  either  wholly  or  as  far 
08  the  publishers  were  .ible  to  supply  the  missing  parts.  The  vnlno  of  this  iindt  r- 
taking  is  well  shown  by  tlie  large  increasf  of  the  actual  accrs.sions  in  l  oniparison 
with  those  of  the  last  liscal  year,  in  lt«S9-'yo  the  total  number  ot  accessions  was 
90,187 ;  in  1800-1)1  it  was  27,294,  showing  a  gain  of  7,107  oyer  1880-'90. 

Tlie  following  pnblieations  have  been  added  to  the  list  of  regalar  serials : 


A.  A.  Bnlletin. 

Aarlwg,  Norske  Geogrnfislco  Selskab. 
Aarbog,  Norske  Geologiske  Undcrsdgelse. 
Aarsberetuing,  Danske  81<ljdforening. 
Abhandlungeu  des  Hotnni.srhen  Veroins 

der  Proviuz  Brandenburg. 
Abhandlungeu  zur  (jeographiscben  Bpe- 

cialkarte  von  Elsass-tothringfn. 
Abhandlungen  der  KonigIi<>h(  n  Mt  teoro- 

logischen  O^ellsehaft,  FreuHHen. 
Abhandlungen  des  Konigliehen  Preussi- 

schcn  Meteorologischcu  lustituts. 
Academy,  Boatoo. 


Actes  de  la  Soci^  Sinleo*Japonaisi>, 

Paris. 
Adams'  Magazine. 
African. 

Agricultural  Gazette,  Sydney,  N.  S.W. 
Agricultural  Keoord,  Trinidad. 
Album  der  Natuur. 

Allgemeitu'  Luthn  iscli*'  Kirrlicnzeitung. 
Alpine  .loiirnal  |  Al]>iii('  Club.  London]. 
American  Apicult  m  ist. 
American  Catholic  Quarterly  Review. 
American  Journal  of  Education. 
Am  Urquell. 
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Aualoetau  Magazine. 
Analyst. 

Ancrc  (Ic  Saint-lUzior. 
Aimales  Asrouoiuiques. 
Ann  ales       I'fcole  dea  8n{«m<>^  Pnli- 
tit|ue8. 

Aunalcs  jIo  la  .Soci<5t<5  A{iri)m>iihquc>. 
Namy. 

Annalfs  dv  !*(  Vhsfrvjitoire  <le  Nice. 

Aiiuuk's  (1)1  (  onservatoire  de  I'Art.  I'arU. 

Aniiulcs  (Ic  l;i  I'ropagiituiU  do  laFoi. 

AlHKllcs  (It  s  SciflU'CH  Clroloj^iqucs. 

Aluiaii  <l(  l  K«»ale  Intil utu  Tecnico,  Udiue. 

AuuiiLh  <»f  tlio  American  Academy  of  Po- 
litical and  .Social  Science. 

Anude  Scientitiqne  et  IndnBtrielle. 

Aiiimairc  dc  i  T-i  ouomio  Politique. 

Aiinuaire  Ue  la  Soci^t^  d'£mulation  de  la 
Vendte. 

Auniiaire  clt>  TAsaoriation  pour  I'Encou- 

ragemiint  des  I'ltndes  Urecques. 
Annnaire  Statintiqne  tie  la  Bohi^mo. 

Annitaiin  tlclla  K.  Kniver'^itiV  T<irino. 
Amiuario  della  L"iii\ •  v.-'ita  di  Modcna. 
Annnal,  GeologiHts'  Association,  Loiiiloil. 

Annual  Report  of  the  Forestry  Division, 

Department  of  Agriculture. 
Annual  Koport  of  tbe  Manchester  Steam 

I  Vers'  AMsocjatioD. 
Antiquary. 

Auzeiger  fUr  Berg*,  HttttoD'  nnd  Ma- 

aoliuenwesen. 
Arbeiten  ans  dem  Zoologitsch-Zootomi- 

Hchen  lu-stitut,  (Jra/.. 
Arvbieologica  Scutica. 
Architecture,  L',  et  la  Construction  dans 

If  Xonl.  Jj'Hr 
Arehiv  fiir  C'linstlu  he  Kunst. 
Archiv  tlir  Mathematik. 
An  hives  I?ot:uiiiiii«^H<ln  Nord  de  hi  France. 
Ai'chives  de  l^iiysiohigic  Normale  et  Pa- 

thologiouc. 
Archivio  de  la  Societji  Romaua  di  Storia 

Patria. 

Archivio  di  Litteratnra  Biblia  ed  Orieu* 

tale. 

Army  and  Navy  Ciazette. 

Art  (L*  I  dans  les  Deux  Moudes. 

Arteaano,  £1. 

Atti  della  Aecademia  Pontaniana. 

Atti  del  MuHeo  Civico  di  Storia  Natnrale 

di  Trieste. 

Atti  didla  Societi^  Ttaliana  di  Science 

Naturali. 

Atti   e  Memorio   delh*   Deputuiiiuiie  di 

Storia  Patria,  I^dogna. 
Aufz<  i«linuTvi?en  <les    Architert«  ri-  nii<l 

ln^*  uu>ur-Verein«  filr  Niederrheju  nn<l 

Westphalen. 
Am  Allen  Welttheileu. 
Australian  Ironmonger. 
Beitriigti  znt  Kuude  £htt>,  Lir«,  and  Kar- 

land^. 
Ber^annsfrennd. 

Iterichti'  dt's  Miirkisrlit  Ti  Forstven  iii-. 
Beriohte  due  ScUweizeriseheu  But^ui- 

adieu  OesellBchaft. 
Berliner  Missionsberiohte. 
Uiblia. 

fiibllographie  de  la  Saisae. 


UiUliothequc  dea  Travanx  Historiques  et 

Areh^ologiq  uea. 
Bo!ctin  dc  la  Coiniaiondel  Map*  Geold- 

Sico  de  £spafia. 
etin  del  Institnto  Oeografico  Argen 
titio. 

lioletin  del  luHt  itnto  Libre  de  EuHcnauza, 
Madrid. 

I^)]<  tin  del  Obsorvatorio  Astioadnuoo 

.Na<  loual  de  Tsicubava. 
Bollettino  del  Museo  i*atrio  di  Areheolo- 

gia,  Milaiio. 
Hollettiuu  della  il.  Ai  i-uilemia  M«'dtca  di 
(ienova. 

BoUettiuo  deUa  Societi^  di  Nataralisti  di 

Napoli. 

BoUettiuo  Statiatico  Mcnsile,  Municipio 
di  Milauo. 

Bollettino  Ofllciale  del  Miniatero  del 

Tr-riri  I'nliia. 
BoHtuii  liuilget. 

Botaniste,  I^. 
Jirnssry'8  Naval  Annual. 
Brick  Roadway*. 
Butl'alo  Christian  AdTocate. 
Builder,  London. 
Building  Register. 

Bulletin  of  the  Agricultural  Experiment 

•Station,  Auburn,  Aln. 
Bulletin  of  the  American  Chemical  Soci- 
ety. 

Bulletin  Annuel  des  Finances  des  Grandea 
ViUee. 

Bulletin  do  I'Asaociation  des  Ing^nieuzs, 
Li^ge. 

Bnlletin  du  Com\t6  de  PAfrique  Fran< 
9ai«e, 

Bulletin  de  la  Commission  Archdologique 
et  Litt^raire  de  I'Arrondissement,  Na 


Itonnc. 

Bulh'tiu  de  la  Coiiunis-sion  D<^pai  t«Mnrntalo 
<les  Monuments  Historiques,  Arras. 

BuHetin  of  the  Department  of  Agricul- 
ture (of  Queensland). 

Bulletin  ot  the  North  Carolina  Experi- 
ment  Station. 

Bulletin  of  tlu'  Ontario  Agricultural  Ex- 
jirriiiii  iit  Station. 

Bullctiu  de  la  Soei^t^  Acad^miqae  Indo- 
Chinoise. 

Bulletin  de  la  8oci4St^  Arch^ulogiqne  de 

Ton  ra  inc. 

BnUetin  de  la  8oci4t4  Centrale  d'Agri- 

cult iirt'.  I'aris. 

Bulletin  de  la  Soricti'  l><*part.iiii.utalo 
d'Horticultnn  ilt-  lu  Scixie. 

BuUetiu  de  la  Suciiit^  d'£mulatiou  d' Ab- 
beville. 

Bulletin  de  la  Soci<^t<'  d  Kiicouragemeiit 
pour  rindustrie  Nationale,  Paris. 

Bulletin  do  la  Society  des  Etudes  Mari- 
tiiiit  s  et  Colonialos. 

Bulletlu  de  la  Sooi^td  d'£tndee  dee  Sci- 
ences Katurellea,  Roima. 

Bnlletin  de  la  Socidttf  de  GtfiMnaphie  do 
Lille. 

Bnlletin  de  la  Soei^t^  de  G^ograpbie  de 
Toulouse. 

iiuUetiu  de  la  8oci^t<S  de  G^ograpUie 
Commereiale  du  H*Tie. 
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BuUotin  do  la  Sociot*''  Uintoriquo  ot  At- 

chcM»l«)gi«|iio  do  rOrnc. 
Bullet  ion  d<.>  la  Socidt<S  de  IIiiduHtrie  Mi- 

udrali',  Saiut-Etienn«'. 
Bulletin  de  1»  8oci^t^  Langu«docieDne  dc 

Bullftiu   Mon»ueI  de  1»  Bibliotlii^qne 

Natiouale,  Paris. 
BnlletinMenmel  de  la  SoeiHi  Linn^ennn 

di*  Noruiaudie, 
Btilli'tin  dc  la  Sucietil  MatlK^inatiquu, 

I'aris. 

Bulletin  de  la  Soci^td  Keachiteloiso  de 

tiecigrapbie. 
Bnlktin  d«  la  8ooi^t4  Royale  de  Bota- 

nlqiio,  Uruxflles. 
Bulletin  do  la  Socii'-ti?  <lo  Topographio. 
Paris. 

Bulletin  of  the  South  Dakota  Agricultuial 

Kxperimcnt  Station. 
Bulktin  of  the  State  College,  Penntylva- 

uia. 

Bnltetion  of  the  United  States  Board  on 

nt  o<;r;iphic  Names. 
Bulletin  of  Beceut  Chaugen  in  Aids  to 
Navigation,  U.  8.  Light-Honae  Board. 

Bull'  tiii  M«'nsiu-]  dr  In  OnuuniMioil  M^t^* 
orologique  du  Calviulos. 

Bulletin  M<tA»rologi(ine— Central  Phys- 
ical Obst-rvatorj',  St.  r»  tt  rsLiUfX. 

Bulletin  Scieutifique  de  la  Frauc*'  et  de  la 
Helgique. 

Bullett  iuo  dellft  SncictA  <H  Scienze  Natu- 
ral! ed  Econoinic  he,  Palermo. 

Caerniarthenshire  Nr)te.s  and  Queries. 

Caundian  Horticulturint. 

Ca»ijpi.>,  uro  pi'stovani  matheraatiky  a 
fisiky,  Pra^j. 

Census  BaUetia  rElevouth  Census] . 

Chemlker-Kalender. 

ChemiBch-teehnischer  Anzei^jer, 

Chemist  and  Druggist  of  Australasia. 

China,  Glass  and  Lamps. 

Chinese  Keoorder. 

Chinese  Scientific  Magazine. 

Christian  Union. 

Chronicle  of  the  London  Missionary  So- 

eii-ty. 
Churchman. 
Church  News. 
Church  Review. 
Ciel  et  Terre. 

Cobden  Clab  Publications. 
ColMery  Gnardtan. 

rnllitTy  KiiiriiHH-r. 
Colmou's  Kural  World, 
Colorado  College  Studies. 
ConimiinjcaticmH  rt  Proc^s-Verbaux  dela 

Suciei^  Mathdmatiquo  de  Kharkow. 
Compter  Rendus  Mensuels  de  la  Soci^t^ 

de  rindustrie  min^rale. 
Couiptes  Rendus  des  Stances  de  la  Suci^td 

ArehteIogi<|ni  (i<;  Bordeaux. 
Congregationalist. 
Correo  de  Sotavetito. 
<  osf.i  Rica  Ilustrada. 
Crop  Bulletin,  Ithaca^  N.  Y. 
Cultura,  La. 
Curio  Informant. 
'Cyclist. 


I  Dania. 

Delphian  Reeonl. 

Deutsche  Hjiu/.eitunif. 

Deutsche  Clieiniker/eitung. 

Ueutscho  Gerberzeituu<;. 

Dentsfhe  Heereszeitung. 
'  D«  uts(  111  Zeitnug  flir  dio  Franxdslsebe 
I  Jugi-ud. 

Dtieviiik  Aiitiii|Kilo};itsheskaui)  Otdjela 
luiperatorskago  Obshtshestva  Lubi> 
t«*l«i  EntiMitvoznonija,  Autropologil  i 
Etiifi;xr:ilii. 

Dueviiik  Z»>6l»»gil«heskago  Ottljeleuiju-^ 
I     of  the  same. 
I  ficole,  L'. 

ficonouiiste,  L', 
i  Educateur,  L'. 

Education,  L'. 
I  Educational  .Toumal. 

Ediii  iit inu.i]  Keeonl. 
I  Kducutiouul  Times. 
I  filectricien,  L'. 

Kleitrotffliniker. 
,  Eliettricitik,  L\ 

I'  Engineering. 
Engineering  Magazine. 
Engineering  and  Mining  .lounial,  New 
York. 

Entomologiste  G^u^vols. 
Export. 

Fancier  and  Farm  Herald. 

I  Far  and  Niiar. 
Farben-Indnstrie. 
Farm,  Field,  and  Stockman. 
Farm  and  Implement  News. 
Farm  News. 
Fauna. 

Financial  Kefomi. 

Fish'trades  Oacrtte. 

Foi  st  Nvirthacfaaftliches  Centrslblatt. 

Fotograf. 

Prance  A6rionne. 

Fiir  Trade  Revimv. 

(ia<  eta  M<^dica  Cataiana. 

Galal<^e,  Le. 

(Jas  World. 

Gazette  <lc  Portugal. 

Genealogist. 
1  Geografiska  Foreningeus  Tidskrift.  Ilel- 
'  singfors. 

IG^ogiMjthio.  La. 
Qeographiscbes  Jahrbucb. 
]  GeoMgiska  FSreniugeus  Forhandliu^^ar, 

SttK'kholiti. 
I  Gioruule  ed  Atti  dellaSocietadi  Accliuia- 
•    tazione,  Palermo. 

-  Giornale  della  Societik  Asiatica  Itali- 

aua. 

(tloucestershiro  Notes  and  Queries. 
!  ( ;  I  >]  •  1 1 1 1  \v :  1  i  t « s'  Geographical  Maguztue. 
]  (ioruyi  Zlmrnal. 
,  Great  Salt  L;ik.  r. 

(iuido  del  Maestro  Eiementare  Italiano. 

llansa. 

H:it  Review. 

Honduras  Mining  Journal. 
Ht>ok  and  Lin<^. 

Hurninin;:  IVinl. 

Hydo  X'urk  [.Mass.]  ilistorical  Kocord. 
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IllnHtrat(  (I  Offlcial  Journal  [Eogluli  I^t- 
ninatrated  South. 

Iiiiiiu  iii>l»%  h*.  et  la  Conatraction  dans 

r  E«t. 

Imperial  and  Aaiatio  Quarterly. 
Imlian  Eu^ineering. 
Indastria,  La. 
Induatria  e  Invenoionea. 

Imlustries. 

luHtriu  tor  Venozolano. 
Iron. 

Iron  :mil  Coal  Trades  JSeview. 

Jroumouyer. 

J:iitr)»(M)kje  voor  de  Leden,  KoninUyk 

Institiiat  van  Ingeniours. 
Jahrbucbder  AUgemeinen  0«itc1iiclitsfor^ 

achonden  (ioHellschaft,  lU  iliu. 
Jalirbucli  dc*r  Kuuiglich  i'reiUisiHcUeu 

Kunstaammlnngen. 
Jahrfitn  tt  der  Prenasiuchen  Forst*  und 

Jabrliiicb  dcs  SrldrsiHcheu  Forstvrn-ins. 
Jahrlnich  dea  Schweiaceriaciiett  Alpeu- 
Club. 

Jalirbuch  des  Ungariaclien  Karpat]xen< 

vereins. 

.lahresbericlite  d<  r  Akadcuiu  fiir  Haudel 

and  IndiiHtrii^  (»raz. 
Jaliresberichto    des  Lauilwirtbsehuft- 

lichen  Yerelna,  Bonn. 
Jabrc'Hbcricbte  der  Noiddentachen  Sue* 

warte. 

jRhr««bericbte,  Realscbnle  zu  Ba^el. 
J  nbrcsbrrichte  dea  Stuttgartor  ArtzUchen 

VtTeinH. 

JabTcsbcriclito  des  Wiirttemlieri^iBchen 
Ven'ins  fiir  JIaiidclsp'O'frMiihif. 

Jabresberirhtc  Hber  tins  i  ort-srhrittt?  atit 
deiu  Gebi<  t<  (U'r  Agricttltur-Chcuiie. 

Jewellers'  Circular. 

Jewisb  Me8H«*ii|5er. 

Jonnial  of  the  American  Social  Science 

Association. 
Jonmal  of  the  Anthro]>ological  Society 

of  Bombav. 
Journal  of  too  liombay  Natural  History 

Society, 

Journal  of  the  British  Aatrononiicj*lAsao- 

ciatiou. 

Journal  of  the  Manchester  Geographical 

Sm  ii  t  V. 

Jonruai  ul"  ibe  lioyul  Asiatic  J^oiii'ty 
(Straits  Brancb.) 

Journal  of  tbo  Statistical  and  Social  in- 
quiry Society  of  Ireland. 

Journal  of  the  Tokyo  Geographical  So- 
ciety. 

Jonmal  dea  Pflansanphysiologischen  In- 
Htitut^  der  Kdniglicnen  t^iveraitiit, 
lireslau. 

Jonmal  of  Christian  Philosopby. 
Journal  du  Ciel. 

.loiirual  of  Comparative  Neurology, 
.lournal  of  Education  (London). 
.1<iiii  n:il  of  F.l)'<'tro-Therapeutic8* 
.lorn uul  of  Fiuauee. 
l  .ithograpic  Art  .lounuil. 
Living  Cnnroh  Quarterly. 


Livre,  L»'.  d'Or  du  Salon. 
Lloyd's  Weekly  Newspaper. 
Lux. 

Maebinery  and  Iron,  Stoel  Trades-Re- 
view. 
Maebinery  Market. 
MaeHtro  i^lementare  Italiano. 
MagiRterio  Espanol. 

Majtryar  H^mok-te  £pIt^Egylet  Ktiz- 

I<"ui  \  i. 

Main«;  Historical  and  Gcnualugieui  He- 

eonler. 
Marine  Engineor. 
Mechanieaf  Progress. 
Mrebauies. 

MeddeJande,  Fiuska  Forstfureniugen. 
Mediterranean  Naturalist. 

Meuiiiii)  s  de  TAcad^mie  des  ScienoeSy 

Clermont-Ferrand. 
M^moires  et  Bulletin  de  la  8oci4t4  d'Ar- 

I'bdologie  do  Touraine. 

M(^nu>ires  do  la  8<H'i<'t^  des  Sciuuces  et 
Arts,  Vitry-le-Franfois. 

M<^iiH»ires  de  la  Soeii'tr  dcs  Sricnoes  X»- 
tiii>  lies  et  Arcb^'oiouitiucb,  (iueret. 

MenukifH  and  ProeeeuiDgH  of  the  Man* 
ebe.ster  Literary  and  Philoeopical  So- 
ciety. 

MemoriaH  de  la  Comisiondel  Map*  Geo- 

Idgico  de  Espana. 
Memorial  de  Artilleria. 
Meteorological  Ohservationa,  Sydney,  N. 

S.  ^ffm 

Meteoroloeiache  ZeitsehriA. 
Miebigan  School  Moderator. 

Miller. 

.Mining  News. 

Mittlii'ihiuirfn  des   l>outspben  Wissen- 

Helialthehi  ii  N  i  ieinn  in  Mexico. 
Mittheilungt  n  il*  n  Pbysiologiacben  Labo- 

ratoriuni8.  Stockbolni. 
.Mittbeilungeu  der  Geograidiiscben  Ge- 

si  llscbaft,  Lilbeek. 
Mittbeilungen  der  Geologiachen  Landea- 

anstalt.  Strassbnrg. 
Mittbeilungeu  der  Historischen  GeaeB- 

schalt,  Berlin. 
Mittheilnngen  des  Institute  fiir  Oesterrei- 

cln'Hclu'  ( ;*'S('l)ii  lithforHebnnii. 
Mittiieiluugeu  tins    K.  K.  Teebnihcbeu 

( >e  werbeKMuseums. 
MittbiihTui^cn    der  OstsiliwtizrriHcben 

Gt'ograpbi.M  h  -  <-«)mmereielleu  <>eseU- 

«cbaft. 

Mittbeilungeu  des  Teohniker-Vercina, 
New  York. 

Mittbeilungeu  den  V^^reins fUr Gesehichte 
der  Stadt  MeiMneu. 

Miltbeiluugeu  uus  dein  Gesamwt43U  Go- 
ld •  I  •  der  Englischen  Sprache  nud  Litte> 
rutur. 

Mittheilnn^on  nns  dem  Gehiete  der  Hia> 

toriscb  ant  inuari»«<*ben  Forsebuugen. 
Mittheiluugeu  iiber  iiegeuHtiiude  des  Ar- 
tillerie  -  and  Genie- Wesens.' 

Monist. 

-MniiiU'ur  de.s  I'ltHluits  Cbiuiiques  et  de 

la  Droguerie. 
Mouiteur  Scivntifiquedu  Dr.  Quesucville. 
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Honihly  Review  (Iowa  Weatlier  aiid 
Crop  Seryfce). 

MuHical  Kecom. 
Musical  Times. 

Nachriohten  fiber  Deatsohe  AltertliiunB- 

fnnde. 

Nutioual  Geographic  Magazine. 
Narragansett  Historieal  Begiater. 

NatnralistH'  Oazt'tte, 

Is'autiriil  Ma^aziuti. 

Ifew  Euglnuu  Magazine. 

New  Zeuland  Journal  of  Soienee. 

New  Z«ial»iul  S<;hoolinu8tt.>r. 

Nienwr  Sclioolblail. 

Kordiake  Fortidauuuder. 

Korthweeiem  Architect. 

Notes  and  Clt  aiiings  (Kxctrr,  Kngland). 

Motnleu,  Koniuklijk  luHtituut  van  Inge- 

nienrs,  The  Hagae. 
Nnnouani  Otiosns, 
Nvt  TidHskrift  lor  Matheujatik. 
Obroro,  El. 

Ob84>rva(M<>ne8  verifioadas — Observatory 

of  Mauilu. 

Occasional  Papen of  the  CaUfomia  Acad- 
emy of  Science. 
Oe8t<?rrt5iphiRrho  Tonriaten-Zeitung. 
Otdogist. 

Papers  of  the  American  Historical  Asso* 
(nation. 

PajMT  Ui'cord. 

Periodico  della  Society  Btorica  Comense. 
Phonetf  o  Journal. 

Phonogr.nn. 

I'lioto-Anierican  Review. 
Photograpliic  News. 
Photograpliisches  Arehiv. 
Pottery  Gazette. 
Power. 

Practical  Engineer. 

Practical  Farmer. 

Priihistorische  Blatter. 

Praktischer  Maschinen-ConRtnictenr. 

Ftmting  Times  and  Lithograplier. 

Proceed in<;H  of  the  Qeologiate'  Aaaocia- 
tiou,  Loudon. 

Proeeedings  of  the  Natural  History  Soci- 
ety, Tokyo. 

Pfoceediugtt  of  tlie  Kocliester  Academy 
of  Science. 

ProreedingH  of  the  South  StafTordshin' 
Institute  of  Iron  and  Steel  Works  Man- 


Proceedings  and  Transactions  of  the 
Liverpool  Biological  Society. 

Prometheus. 

Prosvestni  Glasnik. 

PnhlisherH'  Circular. 

Qiiartt'ilv  .lonnial  of  Economics. 

Quarterly  Statement  of  the  Palestine  Ex- 
ploration Fand. 

Qnellen  zur  Schweizerischen  Gesdiirlifr. 

Raccolta  Storica  della  Sociota  Storica 
Comense. 

Failrond  Gazette. 

Railway  Master  Mechanic. 

Keport  of  the  Canadian  Pat^^nt  Othc<'. 

Recneil  dcs  Travaux  de  la  Socii  tc  (l  Afrri- 
culture.  Sciences  et  Arts  d'Ageii. 

B^fimne  Soclale,  La. 


Ret>ertoriuu  Annum  Literaturae  Bota- 
nicte. 

Report  of  the  British  and  Foreign  School 

Society. 

Report  of  the  niinois  State  Historical 

!JI>r;iry. 

Report  of  the  Street  Railway  Association 

of  the  State  of  New  York. 
R»  p<irt  (if  till'  Ohio  Society  of  Sorveyom 

and  Civil  EuginerrH. 
Re]>ort  of  Proceedings  of  the  Uaneheeter 

Steam  Users'  Association. 
Repertoire  des  Travaux  df  la  8oci<?t6  de 

Statistique  df  MarHcillcs. 
Revista  Argentina  de  Historia  Natural. 
Rerista  General  de  la  Marina. 
Revista  <lc  (Jcografia  Comercial. 
Revista  Minera. 

Revista  de  Obnw  Piibltcas  e  Minas. 

I\<'vista  Ti  ciiol I'l^'ii  n  Industrial. 

Revista  Trinn  ns.i  1  do  lustituto  Historico 

do  Rio  de  Janeiro. 
R»'vin'  Hrlgf  Militairc. 
Revue  «lu  ('ercjc  Militairc,  Paris. 
Revue  ( "hr(''tifniu'. 
Revue  de8  Etu»U  s  Grecqnei* 
Revue  G^ologiqur  Suis-se. 
Ri'vui"  Hi8tori(|Uc. 

Revue  Internationale  de  Bihliogriupliie. 
Revne  Intemationnle  <le  VfilectriciW. 

Rcvue  \umisni;it ii|iir. 

Revue  Scientiii(|u<-  du  Bourbonuais. 

Revne  Thtelogniuc  • 

Hivista  Ttaliaua  di  Scienze  Natorali. 

Ri vista  Marittiuia. 

RiviHta  di  Ostetricia  «•  Giuecologia. 

Russkij  Xatslialniy  Utsbetel. 

Sanitary  Journal. 

Sanitiiry  Record. 

Selileswig-Holsteiuscbe  ScbuUeitong. 

School  Guardian. 

School  .Journal.  • 

Schoolmaster. 

Schriften  des  NatnrwiaBenscbaftlichen 

Vci  cins  des  llarz(!i8. 
Schweizerischtis  Archly  fUr  Tiiicrhcil- 
knnde. 

Srhweizerische  Zelteohrift  filr  das  FoTSt- 

wcHen. 
Scottish  NaturaliHt. 
Srnutiiie,  La,  des  Constmctenrs. 

Slinge,  La. 

Sitzuugsbcrichte  der  Historischen  Gesell- 

Hchaft,  Herlin. 
SitznngHberichto  der  Naturfoiscln-ndeu 

GcHcll.schaft,  Leipzig, 
Soobshtsheija  Kharkofskago  Matemati- 

tsheskago  Obshtshttstva. 
Statesman's  Yearbo<»k. 
(Street  iiailway  Journal, 
f^tndi  Roneei. 
Su::;ir  Cane. 
Teacher. 

Technisch-chemisclies  Jahrbncli. 

TechniKche  M ittlirilnngen  fllr  Malerei. 
'riieol»»gisch  Tijdsrliritt. 
ThfolDLrisfhes  Litteraturblatt. 
riii'dluLjisk  Tidsskri ft . 
Tidskrift  for  I'tdknutlervisuingcu. 
Tidsskrift  Ibr  Physilc  og  Chemi. 
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TnuisactionM  of  the  Astrononiical  anil 

IMiysi*  il  So.  it'ty  ofTorniitn. 
'i'ruutwctlouti  (»i  tliu  Maiiuu  8tulu  I'oiuo- 

logical  8ociwty. 
IVaiisiu  tiuns  of  the  Mining  Itutititte  of 

iScutliiiui. 

Transact  ioiirt  of  the  PertliHlure  Society  of 
Natural  .Science. 

I'ttsliciiyja  Zapiskii— 'Imperial  Unirer- 

t*ity,  Kazan, 
riiland's  TiH'huUcUe  Kuud»chuu. 
I'liited  Servii-e. 
l/usere  Zeit. 

Vorbatim  fUwoit — ^American  Btreot  Rail* 

way  Association. 
\'erdandi. 

V'erhandlimgen  dea  Dentschen  Wiesen- 

schaftlicheli  Vf^ifiiH  zii  S:uiri:;L'n 
VtrninVntlii'liuu^jeu     tier  (irowsihriv-og- 

liclit^n  8t«niwarte  za  Karlsrulie. 
Versuiiiinlun^i'n   des  Arrhiti'kten-  niid 

In«;eiiieurv«r«MU8  fiir  ^il•lk•lrLela  iiml 

\Vo8t|thahMi. 
ViertvljaJircMschrirt  iiber  <Iie  Fortschritte 

uiif  ileiii  (fchirte  dtT  Cliemii- iler  Nail- 

rnuf{K-  und  (itniiiswmitt*-!. 
Viertol  i u h resHchri  ft  Hi  r  V ulks wirtlu^cliart, 

Politik  und  Kulttirgi'schi<»ht«. 
Vital  Ktcord  of  Hhodi-  Isliind. 
Vjc*8tnik  Obshtshestvenuoj  Cii^^ii'iiy,  .Su- 

debnoji  Praktitaheskoj  MeditsLuy. 
VJestuik  Sndovotliityaj  Plodovodatva  i 

Ogo  r  o<  I  u  i  1 8  h  e»  t  v». 


itb. 


YolksknndA. 

Vor  UniT'Ii'in. 

Wutchuiukcr,  JewrLier,  aud  :^ilvt•^^iIlli1 
Weatlier  Crop  Bulletin,  Iowa. 
Wi'sterii  Antiquary. 
Wb«'tdman's  (lazt'tte. 
WiHruii8iii  Joiirual  of  Kdutfttttou. 
\V!>(utisiii  Nat uralist. 
W i II rruujisboobaohl imi'eii — K.   F u  r  h t - 

Akadcinie,  Eberawalde. 
Wood  und  Iron. 
Wyoming  8ttttt:  Jourual. 
Zapiski  po  Gidrografi. 
Zee,  De. 

ZeitscliTlft  Am  Baycrishon 

(ic\vcrl»'-Vir<iii.s. 
Zeibsclirift  des  Hurz-Vcruiua  fiir 

schichte  and  AlterthnmBkundo. 
Zeit^cbrift  des  Httnobener  Alterthunia> 

vendns. 

ZfitHcbrift  des  Vereins  fHr  Volkskande, 

Berlin. 
Zeit.schritI  fiir  Bau\veM?n. 
Zeitscliritt  llir  Klet  trotccbnik. 
Zt  itstlirift  fifr  Korst-  mulJagdweaeu. 
ZritHchrilt  fur  Forstwt'wn. 
Zfit«(brift  flir  IimtrimuMitenkniide. 
Zeitscbrift  fUr  Oeoterreiohischo  Uym- 

ua.sii'U. 

Zeitscliiift  fiir  Spiritus-IudiiHtric. 
Zeitttcbrift  iiir  Vc-niio.ssungswcHen. 
Zeitachzlft  iUr  Xylograpben. 


Knusto  tmd 


Tlu'  followiug  nuiv<  rsiti<  ;*  bave  sent  compkto  is  of  all  tbeir  aondemir  ]>uldica- 
tious,  incluilinir  tilt'  iuaui^uial  disKi»rt;»t)«»nH»!i  li\ iTfd  1»v  tbii  Ktudeutson  graduation: 
Usiscl,  Bcni,  iiuiia,  Hresiau,  Dorpat,  Krlaug«Mi,  Kreiburg-in-Hrpisgau,  Gifssen,  Got- 
tingen,  Qreifawnld,  Halle-an^der-Saale,  Heidelberg,  Helsingfors,  Jena,  Kiel,  KOuiga* 
bergy  Leipzig,  Loavain,  Lnnd  (two  mndinga),  Kostocky  Straabnrg,  Tiibingen, 
Utrecht,  Ve.ster&a,  Wiirzbuig,  andZuri(  ]i. 

Among  otber  iiiip'>rtant  .ifM-fssions  tbo  following  are  worth v  of  notice :  A  largo 
tjeriea  of  Italian  (ioverninent  puldieation.s  from  tbe  Italian  i  \<  haugo  bureau;  .Sburt- 
loflTs  Topogrupbiciil  and  Historical  Dcscriptiou  of  lioston,  and  tin-  *'  Memorial  of  Jobn 
Boylo  0*Reilly,"  from  the  Hon.  Harlan  P.  Paige,  Boston;  Gore's  "Elcotrolytle  Sepa- 
ration of  M«  tal.s,"  from  tbe  jiuthor;  from  tbe  liritisb  Museum,  Vol.  1,  of  the  "Cata- 
logue of  till-  (Cuneiform  Tablets  in  tbe  Kouyunjik  Collection,"  Tbe  Book  of  tbe  I>ead. 
Facsimile  of  tbe  Papyrus  of  Ani,"  Vol.  9  of  tlie  ''Catalogue  of  (Oriental  Coins,"  and 
"Catalogue  of  Greek  Coins,  Toutus,  Papblagonia,"  etc.  j  from  tbe  Natund  Ili&tory 
Division  of  the  same  mnaenm,  "Oatiiloguo  of  Birds,"  Vols.  i:\  15,  and  18,  "Catalogue 
of  Fossil  Cephalipoda,"  part  2,  ''Catalogue  of  Foasil  Fishes,"  part  2,  and  "Catalogne 
of  Fossil  Reptiliaand^\jnpbibia,"  part  ! :  Vi^].  lOofNicholai  von  Koksrbarow's  "Mate- 
riulieu  zur  Miueraloixif?  KuMslands,"  frf»m  tlir  author :  n  hv\  of  Obio  State  publications, 
from  tbo  State  Lil>rary  at  Columbus;  tbe  couelu«liug  volumes  of  Lilljeborg's  "  Sve- 
riges  och  Norgea  Fiakar,"  from  the  author;  four  large  quarto  volumes  from  tbe 
Sociotii  Romana  di  Storia  Patoia,  "H  Regesto  Sublacense  del  Cndceesimo  SeiK^lo," 
and  ''II  Regesto  di  Farfa;"  Plaua's  "Tb<<oriedtt  Mottvement  dola  Lune."  published 
in  1832,  from  the  Koyal  A<  idi  niy  of  Sciences,  Turin:  n  large  si-rii  s  of  «tfli<  ial  publi- 
cations of  tin*  differ»'nt  provinces,  etc.,  of  India,  tbrnunh  tbe  Ouice  ai  llie  Scrretary 
of  Stat43  for  India ;  a  large  series  of  French  Governnii  tit  publicatiouii,  tbrougb  tbn 
Rurean  Fran^ais  des  Echanges  Intemationaux;  a  AiU  sot  of  pnblieations  for  the 
year,  Inelnding  all  charts  of  thehydrograpbic  <d!iceti  of  England,  Italy,  and  Russia; 
Prof,  van  Beneden's  recently  pobltshed  "Histoire  NatnieHe  des  Ci-tacda  dee 
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Hers  d'Europe/' from  th«  author;  nmniripnl  rcportii  from  the  Stadt-Bibliothck, 
Hamburg ;  three  importont  geological  reports  from  tbe  Norwcgiaa  Geological  8iiT\'cy, 
in  addition  to  tlie  Aarbog  already  mentioned;  103  more  of  tlie  valuable  dissertationa 

delivered  during  the  rectorship  of  Liuuiuuh  at  Upsala,  preseutcd  by  the  Hdgre 
AIlmlLnna  Larf)v««rk  ;it  Vo8t<^ra8,  Swe drn :  Dr.  KiTdiiunid  Rfw»rnpr'«*  "fJpologie  von 
Oberbayern,"  iu  tlueu  voluuiuR,  from  th«  Koniglich  i'reuHHisplu's  Oborbergaiut, 
Breslau;  Introductiou  to  the  Study  of  Petrology:  The  Igueous  Kocks,"  by  Fred- 
wiek  H.  Hateb,  from  the  pabliahers,  Heaers.  Swan  Soimesebein  A.  Co.,  London; 
ten  popular  Heiuntific  treatu«e8,  from  the  Royal  Hungariau  Society  of  Natural 
History,  Budaju'st ;  23  ])amplilt  t8  from  the  Society  for  rt»Hti«  aI  IMucatioii,  New 
York ;  46  Now  Jerst-y  8t-at«  Reports,  from  the  Now  Jersey  Historical  Society,  Newark  j 
from  the  I'omision  del  Mapa  Cieologico,  Madrid,  thu  geological  map  of  Spain,  ''De- 
acripelon  de  la  Provinoia  de  Guadalivara,"  and  ^'Esindies  Geologicos  de  laa  lelaa 
BakMrlcaai"  In  addition  to  tb»  memoirs  and  balletins  already  mentioned;  "Codex 
Diploraaticus  Comitum  Kitrolyi  deNagy-Karoly,"  iufour  volumes,  from  Count  Nagy- 
K;lroly.  Budapest:  the  " .leypore  Portfolio  of  Architectural  Details,"  a  inaixiiili' cut 
illustrated  work,  from  His  HighuoHH  tho  Maharajah  of  Jeypore;  a  large  (  ollci  tion  (tf 
valuable  bookt)  from  the  National  Library  at  Rio  de  Janeiro,  including  the  uiug- 
nifieent  folio  "Flora  BraaUienaia;"  89  ecientiflo  papers,  relating  largely  to  early 
Scandinavian  and  other  early  discoveries  in  America,  from  tho  Eug^nG  Beaiivois, 
Corbeson,  France;  tlie  largo  folio  "History  of  the  Society  of  ■Writers  to  In  r  Maj- 
esty's Signet,"  from  the  Society;  a  complete  w^t  of  the  publications  of  the  institut 
National  de  Geographic,  Brussels;  the  "Reeueil  dea  Ordonuances,"  and  "RecueU 
des  Andennea  Contomea,"  in  63  large  quarto  volumes,  ftom  the  Belgian  Exchange 
Commission;  6  pamphlets  relating  to  Italian  ])alethnology,  from  Inapeeior  Pompeo 
Castelfranco,  Milan;  2()  jiamphlets  relating  to  human  and  comparative  anatomy, 
from  the  author,  Prof.  J  I.  Lebotico,  of  the  I  Jnivorsity  of  (  Jhent;  tlie  Memorial 
edition  of  the  "Scieniitic  Papers  of  Jaues  Clerk  Maxwell,"  from  the  Clerk  Maxwell 
liamofial  Committee,  Cambridge. 
Very  respeotftilly  submitted. 

JOHV  MVRDOCIf, 

lAbraritm, 

Mr.  S.  P.  Lakgi-ky, 

Secretary  of  the  Smitheonian  iMtitution* 
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REPORT  ON  PUBLICATIONS  OP  THE  YEAR  ENDING  JUNE  SO^  189t 

smithsoxian  contributions  to  kxowlkdqb. 

Sth:  I  have  tlw  lionor  to  sTihmit  the  folLnvin'j;  report  npon  the  publications  of  the 
Sniitli^oiiiaa  InHtiiutiou  lor  tin;  year  t^uiiing  June  30,  1891: 

Although  Qo  udditiou  haa  bcou  muUe  during  the  ycur  to  the  series  of  "  CoDtribu- 
tionii  to  Knowledge,^  one  isane  has  been  mode  in  a  aimilar  qnartofoim,  oonaiating^  of 
a  collection  of  botanical  p1at«s  which  liad  been  prepared  under  the  direction  of  the 
late  Dr.  Asa  Gray  between  the  years  1849  and  1850.  now  Home  forty  years  ago.  Tliis 
fragmentary  Heries  of  2tl  coltired  plates  was  doHignedsis  a  portion  of  an  extended  illus- 
trated work  on  "  The  Forent  i  rees  of  North  Auiorioa."  In  tho  Secretary's  report  to 
the  Regents  for  1849  it  was  stated: 

"It  is  intended  in  thin  work  to  give  fignres  from  original  drawings  of  the  flowers, 
leaves,  fruit,  ete.,  of  each  principal  species  in  the  United  States  proper,  for  the  most 
part  of  tlie  size  of  nature,  and  so  executed  as  to  furnish  coloreil  or  nuoolored  copies, 
tho  first  being  intended  to  give  an  adeqnnte  idea  of  the  species,  and  the  second  for 
greater  <  lica])ne8S  and  more  general  diOnsioii.  This  work  willbe  conipleted  in  three 
parts,  ill  tiutuvoj  with  an  atlas  of  quarto  plates,  the  iirst  part  to  be  published  next 
e]>rin<:.  A  portion  of  this  will  be  occupied  with  an  introductory  dissertation  giving 
till'  |irest  iit  staff  (if  our  knowledge  (divested  as  much  as  possiMe  of  all  unnecessary 
toehuical  terms),  of  the  anatomy,  morphology,  and  physiology  of  tho  tree,  tracing 
its  growth  from  the  embryo  to  itn  fall  development  and  reproduction  in  the  fonnai- 
tion  of  fruit  and  seed.  This  will  lie  illustrated  by  drawings  from  original  disaectionSf 
under  the  inieroseope,  an(l  sketches  ma<le  in  every  instance  frofu  nature." 

TIk'  illustrations,  so  far  as  furnished,  were  skillfully  drawn  by  Spra;j;ae,  rmf!  were 
reproiimt  d  on  stone  liy  .Sonrel,  Prestele,  and  others}  the  impressions  bciug  care- 
IVilly  oolored  by  hand.  In  consequence  of  Tarious  unforeaem  hindrances  and  delays 
this  interesting  work,  unfortunately,  was  never  completed  by  its  eminent  projector; 
and  no  descriptive  text  was  ever  reoeived  fh»m  him,  even  of  the  pUtes  which  had 
been  linisliod  under  Iiis  direction. 

Notwithstaudiug  tho  time  which  has  elap«cd  since  their  original  prcparatiou  and 
tlie  comparatively  limited  range  of  their  representiou,  it  was  thought  advisable  that 
they  should  be  issued  for  the  benefit  of  botanists,  who  will  undoubtedly  be  inter- 
ested  iu  this  untiuinhed  work  of  their  great  leader  and  eacponent,  even  without  the 
advantage  of  his  descriptive  comments. 

SMrrHSONIAN  MISCELLANEOUS  COLLECTION. 

The  octavo  publications  of  the  yt  nr  in  this  series  are  as  follows: 

No.  717.  *'An  Account  of  the  Progress  iti  .\ -itronoiny.  for  the  years  1887,  1888,"  by 

W  illiam  C  .  Wiulock.    (From  the  hmitlisonian  Keport  lor  le^.j    Octavo  j[utmphlot 

of  92  pages. 

No.  748.  "An  Account  of  the  Progress  in  Geology,  for  the  years  1887,  IBBd,**  by  W 

J  McOee.    (From  the  Smithsonian  Report  for  1888.)    Octavo  pamphlet  of  44  pages. 

No,  719.  "An  .Account  of  the  FrogrcKs  in  \nrt1i  Anit-ripan  Paleontology,  for  tho 
years  1887,  1888."  by  Henry  8.  Williams.    (From  the  Hmilhsouian  liepurt  for  laSS.) 
Octavo  pamphlet  of  66  pages. 
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No.75<).  "An  Acconnf  of  the  Pnigoss  in  retrojrraphy,  fci  tlu<  years  1887,  1888,"  by 
Oeurge  P.  Merrill.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet  of 
28  page8. 

No.  751.  **AjkAiDMmat  of  Beeent  Progress  iu  Dynamic  Ueteorology,"  by  Cleveland 
Abbe.  (From  the  Smithsonian  Report  for  1888.)  lUiutrated  iritfa  7  flgores.  Oc- 
tavo pamphlet  of  88  pages. 

No.  752.  "An  Account  of  tho  PiftprreMs  in  Cb<>iniHtrv,  for  tlio  y^-nrs  1887.  1888,"  by 
F.  W.  (Uarke.  (From  the  Smithsonian  Ucport  fur  1888.)  Octavo  pamphlet  of  29 
pages. 

No.  753.  "An  Account  of  the  Pn^pnm  in  Mineralogy,  for  the  years  1887, 1888,"  by 
Edward  S.-Dana.  (From  the  Smithsonian  Report  for  the  years  1887, 1888.)  Octavo 

pamphlet  of  'JO  pajres. 

No.7r>l.  "Au  Afconut  of  thf  Pro-jn  ss  in  l?(.t:iny,  lor  the  years  1887, 11^."  by  F. 
II.  Kuowltou.  (From  the  Smithsonian  Keport  for  1888.)  Octavo  pamphlet  of  12 
pages. 

No.  156.  "  An  Aceonnt  of  the  Progress  in  Anthropology,  for  the  years  1887, 1888," 
by  Otis  T.  Maaoii.  (From  the  Smithsonian  Report  for  1888. )  Octavo pamplilet  of  86 

pagcH. 

No.  756b  "  Chronology  of  the  Human  Period/  by  J.  Woodbridge  Davis.   (From  the 
Smithsonian  Bi^rt  for  1888.)  Octavo  pamphlet  of  4  pages. 
No.  75?.  "  Were  the  Oeages  Mound  bnilders,"  by  J.  F.  Snyder.  (From  the  Smlth- 

souiau  Report  for  1888.)   Octavo  pamphlet  of  10  pa<<:e8. 

No.  7r>8.  "  Tlic  Proj^ess  of  S(  i»«uee  na  exem])lifie(l  iu  the  Art  of 'NViM  .rhinf^  and 
^leuHuriiiL;,  "  by  Williutii  ilurkueas.  (From  the  Smithsonian  Report  for  1888.)  Oo* 
tavo  puiuplilet  of  37  pages. 

No.  759.  "Determination  of  the  Mean  Density  of  the  Earth  by  means  of  a  Pendu- 
luni  Principlo,"  by  .1.  Wilsing.  TranHlated  from  the  fterraan  and  condcnsiul  by  J. 
Howard  Gore.  (From  tin;  Smithaonian  Report  for  1888.)  Octavo  pamphlet  of  12 
pages,  illustrn ted  with  1  tiKure. 

No.  760.  **  derivation  of  the  Name  America,"  by  .Iule.sMiirc<»u.  (From  tbo  Smith> 
conian  Report  for  1888.)  Octave  pamphlet  of  27  pages,  illustrated  with  one  map 
and  2  eats. 

No.  761.  "Progress  of  Orieiitnl  S<  i.^nce  iu  America  during  1888,"  by  Cyros  Adier. 
(From  tbo  Smithsonian  Keport  for  1888.)    0<  tave  patiiphli  t  of  28  panes. 

No.  762.  "  Biographical  Memoirs  of  Spencer  FuUerton  liaird."  (From  the  Suiith> 
sonian  Report  for  1888.)   Octavo  pamphlet  of  42  p:igcs. 

No.  768.  "Biographical  Memoirs  of  Asa  Gray,"  by  James  D.  Dana  and  William  G. 
Farlow.    (  From  the  Smithsonian  Keport  for  1888.)    Octavo  pamphlet  of  81  pages. 

No.  764.  "Tlie  Correction  of  S<  xi;nit!<  for  Krrf>rs  of  Eccentricity  and  Graduation," 
by  .loseph  A.Rogers.    Oct.n-o  i»;iiii|ihk't  of.'>:!  |t;i«;es. 

No.  773.  "The  National  fciu  ntitic  InstitutionH  at  Berliu,  "  by  Albert  Giittstadt, 
translated  flrom  the  German  and  condensed  by  George  H.  Boehmer.  (From  the  Smith- 
sonian Report  for  1889.)  Octavo  pamphlet  of  56  pages. 

No.  774.  "Hertz'H  Researches  on  Electrical  Oscillations,"  Viy  O.  W.  de  Tuuxeluuinn 
and  by  Frederic  T.  Trouton.  (From  thf<  Smithsonian  Report  for  1888.)  Octavo  pam> 
phlei  of  59  pages,  iliui»tratcd  with  19  tigures. 

No.  775.  "An  account  of  the  Progress  in  Meteorology  for  the  year  1889,"  by  George 
E.  Cnrtis.  (From  the  Smithsonian  Report  for  1889.)  Octavo  pamphlet  of  81  pages, 
illii -t r ;ited  with  1  figure. 

\.>  77R.  "On  the  Movements  of  the  Enrth's  Traflt,"  by  A.  Plvtt,  trjiuslated  from 
thi'  Norwegian  by  W.  S.  Dallas,  (l-ronithe  Smithsonian  Report  lor  1889.)  Octavo 
|Kiuiphlut  of  51  pages,  illustrated  with  1  ligure. 

No.  7TJ.  "Timekeeping  iu  Greece  and  Borne/'  by  F.  A.  Seely.  (From  the  Smithso* 
nian  Report  for  1889.  >   Octavo  pamphlet  of  21  pagen. 

|lo,  7^,  "  Biologicia  Pa|Nna/'  comprising  "  Botanical  Biology,"  by  W.  T,  Tliiselton. 
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Dyer;  "Elemoutary  Problenis  iu  Physiology/'  by  J.  S.  BurdAn-Sanderwm ;  "ThB 
Life  Work  of  Pasteur/'  by  Sir  Henry  £.  Roteoe;  "On  Heredity/'  by  Sir  William 

Turner.    (From  tlie  Smithsonian  Report  for  1889.)   Octavo  pamphU^t  of  66  pages. 

No.  779.  *'  Papers  on  rii\  -ii  al  Siilijcrts,''  romprising  "Ou  Poscovit-h's  Th»'nrv."  hy 
Sir  William  Thomson;  *•  I  be  MoUfiu  ibcoiy  <>1  Lifrht,"  by  OiivtT  J.  Loilgi-:  "  I'Jio- 
tograpby  iu  tlie  Service  of  Astronomy,"  by  K.  Kitduu ;  ''The  Molecular  Stnuture  of 
Matter,"  by  WilUam  Anderson.  (From  the  fimitliaottian  Keport  for  18B0.)  Ootftvo 
pamphlet  of  46  pagee. 

No.  780.  "A.  Michelsou's  Keceut  Researches  nn  I.if;ht:  A  Presentation  Address," 
by  Joseph  Lovering.  (From  the  Smithsoiiian  Keport  for  1889.)  Octavo  pamphlet 
of  20  pages. 

No.  781.  "Authropological  Papers,"  comprising  "Anthropology  In  the  last  Twenty 
TeaiBy"  by  Endolph  Virchow;  "Seandinavian  ArduBology,"  by  lagwald  Unset; 
"The  Last  Steps  in  the  Genealogy  of  Man,"  by  Panl  Topinard*  (From  the  Smith- 
sonian Report  for  1889.)    Octavo  pamithli-t  of  62  pages. 

No.  782.  "An  Account  of  the  Prou'r*  ss  in  Anthi  ojxilogy  for  the  year  1889,"  by  Otis 
T,  Maauu.    (From  the  Smithsonian  Uepurt  for  1889.)   Octavo  pamphlet  of  78  pages. 

No.  783.  "The  State  and  Higher  Education,"  by  Herbert  B.  Adams.  (From  the 
Smithsonian  Report  for  1880.)  Octavo  pamphlet  of  16  pages. 

No.  7^.  "  Geographical  Latitude,"  by  Walter  B.  Seaife.  (From  the  SmithsoniAn 
Rei>ort  fi.r  1SK9.)    Octavo  pamphlet  of  45  pagcf*. 

No.  7»o.  "  Bil)liography  of  the  Chemical  luliuencc  of  Light,"  by  Alfred  Tucker- 
mau.   Oi  tavo  pamphlet  of  25  pages. 

"  United  Statea  Board  on  Ckographie  Namea."  BaOetin  No.  1.  leaned  December, 
81, 1890.  Octavo  pamphlet  of  viii  -f-  24. 

8MITUSOMAN  ANM  Al-  HKrORTS. 

No.  7<J7.  **Annnal  Report  of  the  Board  of  Regents  of  the  Smithsonian  Inftitntioti, 
showing  th**  r>i«'ration8,  exjienditures,  and  rondition  of  tlic  iTistitntion  to  July, 
1888."  This  volume  contains  the  Journal  of  Pioi  »  ('(iin^.s  ol  the.  JJoard  of  Regent.s 
at  the  annual  meeting  held  January  11,  1888;  the  Rc^iort  of  the  Ex'ji^utive  Com- 
mittee of  the  Board,  and  the  Report  of  the  Secretary  of  the  Institntion,  followed 
by  tin*  "  Geut  ral  Appendix,*  In  Avhich  are  given :  L  Record  of  progress  in  various 
branches  (»l  m  ience  for  the  years  1887  ami  1888 — in  Astronomy,  by  William  C.  Win- 
lock;  in  ''<  <>logy,  by  WJ  Mf  <ri'e;  in  North  American  Paleontology,  by  Henry  S. 
Williams;  in  Petrography,  by  tieorgc  P,  Merrill ;  iu  Meteorology,  by  Cleveland  Abbe; 
in  Oliemistry,  by  F.  W.  Clarke;  in  Mineralogy,  by  Edward  S.  Dana;  inBotiuy,  by  F. 
H.  Knowlton,  and  in  Anthropology,  by  Otis  T.  Mason.  11.  Miscellaneons  papers — 
"Chronolniijy  of  th»'  Human  Period,"  by  J.  Woodbridge  D.avis;  "  Were  the  Osages 
M(»und-bu>ldcrs?"  l»y  T.  F.  Snyder;  " Th(' Progress  of  Science  as  exemplitied  iu  the 
Art  of  Weighing  and  Measuring,"  by  William  Harkucssi  "Determination  of  the 
Mean  Density  of  Uie  E^rth  by  m^na  of  a  Pendalnm  Principle,''  by  J.  Wiisiug; 
"Amerriqttes  Amerigho  Yespocei  fmd  America,"  by  Jnles  ^afcon;  "Progress  of 
Oriental  Science  in  America  During  1888,"  by  Cyrus  Adlcr.  III.  BictgraiihicalMo* 
nmirs — n  i  <d1<  >  t  ion  of  iMi  ?iHiirs  of  Spcin  t  r  F.  Haird  and  f>f  Asa  Gray ;  f  b»'  whole  form- 
ing an  orta\  (t  \  uIuiih'  «»1  xli     ^^•>9  I»agff4y  illustrated  with  9  figures  ami  1  map. 

No.  7<i8.  Annual  Report  of  the  Hoard  of  Regi'ut^*  of  the  .Smithsonian  Institution,'' 
showing  the  operations  and  condition  of  the  V.  8.  National  Mosenm  for  the  ^ea^ 
ending  June  'SO,  1888.  This  ri'port  comprises,  (1)  Report  of  the  .\8sistant  Secfet^ff 
of  the  Suiithsoutau  lusf  it  iit  i«»n,  (}.  Hrown  (Joodc,  in  charge  of  tin-  \atif)n.il  Mnsmn^j 
upon  the  Condition  and  I'rogress  of  the  .Museum;  (II)  He]H>rts  of  tin- <  "uratijrs  <»f  tli(? 
Museum  upon  the  Progre^^  of  Work  During  the  year;  (,Iil>  i'apers  Describing  and 
Xllastrating  the  Collections  in  the  Mnseum;  (IV)  Bibliography  of  Pnblioations  and 
papers  Relating  to  the  Miiwnim  durinj^  the  year ;  ( V)  List  of  Accessions  to  the  Mifseujn 
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during  the  year.  This  report  forma  an  octavo  Tolnmoof  sadi  +  876  pages,  Uluitrated 
with  139  fignres,  100  plates,  and  2  folding  maps. 

No.  746.  ''PnH-eedinj^s  of  tho  R<'f;ontH  imd  Report  of  the  ExecntiTe  C'oramittoo 
for  the  y«  :ir  1887-'88,  together  with  acts  uf  Congre.ss  lor  ttie  year/*  (From  the 
8iuith8ouiiiii  Report  for  18S8. )    Octavo  p:iiu]>hlet  of  33  puK^f. 

No.  IGQ.  "  Aimuui  Keport  uf  the  Roar<l  ol  Kegcuts  of  the  8mithsouiuu  lustitation, 
allowing  the  operations,  expenditures,  and  condition  of  the  Institution  to  Jnly,  1889>" 
This  report  inolndea  the  Journal  of  Proceedings  of  the  Board  of  Regents  of  the  In- 
Htitiitioii  :kt  thf  autiual  meeting?  held  January  9,  1889;  the  Report  of  tlie  Executive 
Committee  of  the  Roard ;  and  thr  !?<  jmrt  of  tin'  Sicn  tary  of  the  Institution  ;  followed 
by  the  "(Jeueral  Appendix,"  which  contains  the  following  papers:  The  National 
Scientific  Institntions  at  Berlin,  by  Allwrt  tinttstndt;  Hertx'ft  Researches  ou  Elee- 
trieal  Oscillations,  hyO.  W.  deTnnxelmann ;  Repetition  of  Herta'aExp«riments»  eto., 
by  Frederick  T.  Tronton;  Progress  of  Meteorology  in  l88i),  by  George  W.Curtis; 
How  linin  is  Foriiu  d,  by  11.  F.  Rlanford;  On  Aerial  Locomotion,  by  F.  H.  Wenhani; 
On  the^MovcmentH  of  the  Earth's  CruMt,  by  A.  Blytt;  Time-keeping  in  (Ji  rri  c  and 
Rome,  by  V.  A.  Seely ;  R«>tanical  Riohigy,  by  W.  T.  Thiseltou  Dyer  j  Eleun  niary  Prob- 
lems in  Physiology,  by  J.8.Bnrdon  Sanderson;  On  BoscoTich*^  Theory,  by  girWil- 
ilam  Thompson;  The  Modem  Theor>'  of  Ught,  by  Oliver  J.  Lodge;  Michelson's 
Recent  ResearchcH  on  I^ight,  by  Joseph  Lt»vering;  rhotogra]iliy  in  the  Servi(  c  tif 
A*<tron<miy,  by  I?.  Rndan;  Tlie  Liffw»»rk  of  n  Clieinist,  by  Sir  Henry  K.  Roncoe ;  Mc- 
nmir  of  Heinrich  l^eherecht  FleiBcher,  by  A  Miiller;  Memoir  of  tiustav  Robert  Kireh- 
hoff,  by  Robertson  Helmholts;  On  Heredity,  1»y  Sir  William  Turner;  Antliropology 
in  the  Last  Twenty  Years,  by  Rudolph  Yirchow;  Scandinavian  Archieology,  by  lug- 
wabl  I'nsrt :  Prour.  ss  of  Anthropology  in  1889,  by  Otis  T.  Mason;  The  Last  Steps  in 
the  Genealogy  of  Man,  by  l*anl  'ro]>innrd  ;  The  State  and  Higher  Education,  by  Her- 
bert Adams;  The  Molecular  Structure  of  Matter,  by  ^\  ill  iam  Anderson;  Aluminium, 
by  H.  C.  Uovey ;  Alloys  of  Aluininiam,  by  J.  II.  Dagger ;  I'lie  Eifl'el  Tower, by  Kilfel 
and  by  William  A.Eddy;  The  Great  Terrestrial  Globe  at  the  Paris  Exhibition  of 
1889:  (  ieographical  Latitude,  by  Walter  R.  Sea ife;  the  whole  forming  an  octavo  vol- 
ume of  xlvi  -f  81.'>  i)a illu8tratc<l  with  33  figure* 

No.  77L  Report  of  S.  P.  Langley,  Sr  erctary  of  the  Smithsonian  Institution,  for 
the  year  ending  June  30,  ISH)."  Octavo  pamphlet  of  82  pages,  illustrated  with  two 
maps. 

Ko.  772*  "  Proceedings  of  the  Regcnta,  and  Report  of  the  Executive  Committee  for 

the  year  1888-'S1».  tf^gcther  with  acts  of  Congress  for  the  year."   (From  the  Smith* 
sonian  Report  for  1889.)    0<  lav«»  ]>auiphlet  of  36  pages. 
Very  respectfully  yours, 

W.  B.  Tatlok, 

JSIditor. 

Mr.  S.  P.  Lanolky, 
*  SecreUury  SniUktonia»  iHslitviUm, 
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ADVERTISEMENT. 


'  The  object  of  the  Genbbajl  Appendix  to  the  Auimal  Rei)ort  of  the 
Smithsoiiiaii  Institiition  is  to  furnish  brief  accounts  of  scientitic  di^scov• 
ery  in  particular  directions;  occasional  reports  of  the  investigations 
made  by  collaborator^  of  thelnstitiitioTi;  memoirs  of  a  jjonoral  charac- 
ter or  on  spocial  topitis,  wlicthor  original  and  prepared  expressly  for  the 
purpose,  or  selected  from  foreign  journals  and  procer^dings;  and  briefly 
to  pre^nt  (as  fully  as  space  will  peruiit)  such  papers  not  jmblished  iu 
the  Smithsonian  Contribntionn  or  in  the  Miscellaneous  f'olloctions  as 
may  be  8n]>pos<«<l  to  ho  of  interest  or  value  to  the  uumerous  corrospoud- 
entsofthc  Institution. 

It  has  been  a  pKuniut nt  object  of  the  Board  of  Repents  of  the  Smith- 
soTiimi  Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
rcquirt'd  of  them  by  law  with  memoirs  illustrating  the  more  remarka- 
ble and  important  devt  Io])ments  in  ])hysical  and  bioJo^ical  discovery, 
as  well  an  showing  the  general  character  ot  tlir  op«'ratioua  of  the  Insti- 
tution; and  this  purpose  has,  during  the  greater  part  of  its  history, 
been  carried  (uit  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  attracte<l  by  scientific  progress. 

In  1880,  tht)  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  suininary  of  progress  which  for  thirty  years  previous  had  been 
issued  by  wt  11-known  jirivale  publishing  firms,  liad  i)repareil  by  com- 
petent collalforators  a  series  of  abstracts,  si i owing  concisely  the  promi- 
nent features  ot  recent  scientitic  progress  in  astronomy,  geology,  meteor- 
ology, physics,  chemistry,  miiieralogy,  bot^my,  zo<)logy,  and  anthropol- 
ogy. Tins  latter  plan  was  continued,  though  nut  altogether  satisfac- 
torily, down  to  and  including  the  ye^r  1888. 

In  the  report  for  1889,  a  return  was  made  to  the  cailier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigatirm  and  dis<nis- 
sion.   This  method  has  been  continued  in  the  present  lejport,  for  1891« 
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CELESTIAL  bPEOTKOiSCOPY.* 


By  William  Uuggins,  v.  k.  s. 


In  1806, 1  had  the  honor  of  bringing  before  this  Association,  at  one  of 
the  OTetiing  lectares,  an  aeconnt  of  the  first  fruits  of  the  novel  and  un- 
expected advances  in  our  knowledge  of  the  celestial  bodies  which  fol- 
lowed rapidly  npon  KirchboiTs  original  work  on  the  aolftr  apeetnim 
and  the  interpretation  of  its  lines. 

Since  that  time  a  great  harvest  has  b6en  gathered  in  the  same  field 
by  many  reapers.  Spectroscopic  astronomy  has  become  a  distinct  and 
acknowledged  branc  h  of  the  science,  possessing  a  large  literature  of 
its  own,  and  observatories  specially  devoted  to  it.  The  more  recent  dis* 
oovery  of  the  pfolatinedry  plat«  has  given  a  further  great  impetus  to  this 
modem  side  of  astronomy  and  has  opened  ^pathway  into  the  unknown 
of  which  even  an  enthusiast  thirty  years  ago  would  scarcely  have  dared 
to  dream. 

In  no  science,  perhaps,  does  the  sober  statement  of  the  results  which 
have  Ijceii  achieved  appeal  so  strongly  to  the  imagination  and  make 
so  evident  the  almost  boundless  powers  of  the  mind  of  man.  By 
means  of  its  light  alone  to  analyze  thechemical  nature  of  a  far-distant 
body;  to  be  able  t^  reason  jjbout  its  present  state  in  relation  to  tlie 
pnst  ;iTi(!  fntnre;  to  measure  within  an  Kn<^lish  mile  or  less  per  second 
tlh'  rwis<'  invisible  motion  wliieli  it  may  have  towards  or  fi-om  ns: 
to  do  more,  to  make  even  that  wlrioli  is  darkness  to  our  eyes  li^lit,  and 
frfun  vibrations  which  our  organs  of  sight  are  powerless  to  ])erceive 
to  evolve  a  revelation  in  whicli  we  see  mirrored  some  of  tlie  stages 
through  whicb  the  stars  may  pass  in  their  8lo%v  evolntional  progress — 
surely  the  record  of  such  afhieveinents,  however  i>oor  the  form  of 
words  in  which  they  may  be  described,  is  worthy  to  be  regarded  as  the 
scientific  epic  of  tlte  present  century. 

Specif osvopic  mcthodjf. — 1  do  not  purpose  to  attempt  a  survey  of  the 
progress  of  spectroscopic  astronomy  from  its  birth  at  Heidelberg  in  1H59, 
bnt  to  point  out  what  we  do  know  at  present,  as  distinguished  from  what 

*  Pros  i  den  tial  address  to  the  Uritisli  A  sso*  iation  for  tho  AdVMIcenicnt  of  Science, 
■»t  Cardiff,  August,  189L  (JS«{wrf  of  3rU.  A»mo,        vol.  lxi,  pp.  3-^.) 
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we  do  not  know,  of  a  few  only  of  ite  mote  important  pioblems,  giving  » 
prondnent  place,  in  accordance  with  the  traditiona  of  this  chair,  to  the 
work  of  the  last  year  or  two. 

In  the  spectroscope  itself  advances  have  be^  made  by  liord  Bay- 
Idgh  b^  his  diacossion  of  the  theory  of  the  instnuueut  and  by  Prof. 
Bowland  in  the  constracUon  of  concave  gratings. 

Lord  Bayleigh  has  shown  that  there  is  not  the  necessary  connection, 
sometimes  supposed,  between  dispersion  and  resolving  power,  as  be- 
sides the  prism  or  grating  other  details  of  constractioD  and  of  adjust- 
ment of  a  spectroscope  must  be  taken  into  acconnt. 

The  resolving  power  of  the  prismath;  spectroscope  is  proportional  to 
the  length  of  path  in  the  dispersive  medium.  For  the  heavy  flint  glass 
used,  in  Lord  Kayleigh's  experiments,  tlie  thickness  necessary  to  resolve 
the  sodium  lines  came  out  1*02  centimeters.  If  this  be  taken  as  a  unit, 
the  resolving  power  of  a  prism  of  similar  glass  will  be  (in  the  neighbor- 
hfMxl  ol*  the  sodium  lines)  equal  to  the  number  of  cx^ntimeters  of  its 
thickness.  In  other  parts  of  the  spectrum  the  resolving  power  will 
vary  inversely  as  the  third  power  of  the  wave  length,  so  that  it  will  be 
eight  times  as  great  in  the  violet  as  in  the  red.  The  resolving  power 
of  a  spectroscope  is  therefore  proportional  to  the  total  thickness  of  the 
dispersive  material  in  use^  irrespective  of  the  number,  the  angles,  or 
the  setting  of  the  se]>ai'ate  prisms  into  which,  for  the  sake  of  conven- 
ience, it  may  he  distributed. 

The  resolviiif;  power  of  a  ^latinfj  depends  upon  the  total  number  of 
lines  on  its  surface  ami  tlie  order  of  spectrum  in  use,  about  l,(K)()Iiues 
being  necessary  to  resolve  the  sodium  lines  in  the  first  siiectrum. 

As  it  is  often  of  importance  in  the  record  of  observations  to  stat** 
tlu*  efl'H'ieney  ot  the  spectroscope  witli  whicli  tlu'y  \vere  made,  Prof. 
Schuster  has  i>ropo8ed  tlie  use  of  a  unit  of  i)urity  as  well  as  of  resolv- 
ing i)ower,  for  the  full  resolving  power  of  a  spwtroscopc  is  realized 
in  practice  only  when  a  sutlicicntly  narrow  slit  is  used.  The  unit  of 
))urity  also  is  to  stand  for  the  se]>aration  of  two  lines  differing  by  one- 
thousandth  of  their  own  wave  length,  about  the  separation  of  the 
sodium  pair  at  D. 

A  further  liFiiitation  may  come  in  from  the  physiological  fact  that, 
as  Ijord  liayleigh  has  ])oiiited  out,  the  eye,  when  its  luU  aperture  is 
used,  is  not  a  i)erfeet  instrument.  If  w«?  wish  to  realize  the  full  res4>lv- 
ing  i)ower  of  a  spectroseo]>c.  therefore,  the  emergent  beam  must  not  bo 
larger  than  about  one-tliird  of  the  opening  of  the  pupil. 

V\)  to  the  i)rcsent  time  the  standard  of  reference  foi-  nearly  all  spec 
troscopie  work  coiitinnes  to  be  Angstrom's  map  of  the  solar  spectrnii. 
and  his  scale  based  upon  his  orijiinal  determinations  of  absolute  wase 
length.  It  is  well  known,  as  was  pointed  out  by  Tlialen  in  his  wurk 
on  the  spectrum  of  iron,  in  1H84,  that  An^stiiinrs  figures  are  slightly 
too  small,  in  consequence  of  an  error  existing  in  a  .standard  meter  us<»d 
1>>  hiiu.  1  he  corrections  for  this  have  been  introduced  into  the  tables 
of  the  wave  lengths  of  teiTestrial  spectra  collected  and  J^viged  J)^  feoogle 
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oommittee  of  this  Association  from  1885  to  1887.  Last  year  the  eom> 
mitteo  added  a  table  of  corrections  to  Bowlan<Vs  scale. 

The  ineonveuieuce  caused  by  a  change  of  standard  scale  is,  for  a 
tiuie  at  least,  considerable;  but  there  is  little  doubt  that  in  the  near 
future  Kowhiud'8  ])hotographic  map  of  the  solar  spectrum  and  his 
scale  basefl  on  tlie  determinations  of  absolute  wave  length  by  ]?ierce 
and  Bell,  or  the  Potsdam  smle,  based  on  ori^rinal  determinations  by 
Miiller  and  Kenipf^  which  diHei'S  very  slightly  troui  it,  will  come  to  be 
exclusively  adopted. 

The  ^wdt  nccurary  of  Rowland's  i)liotographic  map  is  due  chietiy  to 
the  introduction  by  him  of  concave  trratiu^rs  and  of  a  method  tor  tlieir 
use  by  which  the  problem  of  the  determinatlou  of  relativ»'  w.w  v  h  ii^ths 
is  simplihed  to  measures  of  coincidences  of  the  lines  in  diHerent  spectra 
by  a  micrometer. 

The  concave  gratiii^r  and  its  peculiar  mounting,  in  which  no  lenses 
or  telescope  are  needed,  and  in  which  all  the  spectra  are  in  focUs 
together,  lornied  a  new  departure  of  great  iuiportance  in  the  measure^ 
ment  ot  spectral  lines.  The  valuable  method  of  i)hotogi'aphic  sensi- 
tizers fill-  dirterent  parts  of  the  spectrum  lias  enableil  Prof.  Rowland  to 
ini'liidt'  ill  his  map  the  whole  visible  solar  spectrum,  as  well  as  the 
ultra  vii/Ict  portion  ii.-.  l.ii  as  it  can  get  through  our  atmosphere.  Some 
recent  ]>hotographs  of  the  solar  spectrum,  which  include  A,  by  Mr. 
George  Higgs,  are  of  great  tec  liuical  beauty. 

During  the  past  year  the  results  of  three  independent  researches 
have  appeared,  in  which  the  special  object  of  the  observers  has  been 
to  distinguish  the  lines  whieli  are  due  to  our  atmosphere  from  those 
which  are  tntly  861ai>^the  maps  of  M.  Thotton,  whleh,  owbg  to  his 
lamented  death  Just  hefinre  their  final  oompletioni  have  assumed  the 
character  of  a  memorial  of  him;  maps  by  Dr.  Becker;  and  sets  of  pho^ 
tographs  of  a  high  and  a  low  son  by  Mr.  McClean. 

At  the  meeting  of  ttiis  association  in  Bath,  M.  Janssen  gave  an  ac- 
count of  his  own  researches  on  the  terrestrial  lines  of  the  solar  spec* 
tram  which  owe  their  origin  to  the  oxygen  of  onr  atmosphere.  He 
diseorered  the  renmrkable  fact  that,  while  one  class  of  bands  varies  as 
the  densi^  of  the  gas,  other  diffuse  bands  vary  as  the  square  of  the 
density.  These  observations  are  in  accordance  with  the  work  of  Ego- 
loft  and  of  Olszewski,  and  of  Liveing  and  Dewar  on  condensed  ozy- 
gen.  In  some  recent  experiments  Olszewski^  with  a  layer  of  liquid 
oxygen  30  millimeters  thicki  saw,  as  well  as  four  other  bauds,  the  band 
coincident  with  Fraunhofer's  A;  a  remarkable  instance  of  the  iiersist< 
ence  of  absorptioa  through  a  great  range  of  temperature.  The  light 
which  passed  through  the  liquid  oxygen  had  a  light  blue  color  resem- 
bling that  of  the  sky. 

Of  not  less  interest  are  the  experiments  of  Knut  Angstrom,  which 
show  that  the  carbonic  acid  and  aqueous  vapour  of  the  atmosphere 
reveal  their  presence  by  dark  bands  in  the  invisible  infra-red  region, 
at  the  positions  of  bands  of  emission  of  these  substances. 
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S^ectroteopie  eandiUom. — ^It  is  iiovr  some  thirty  years  since  tlie  spec- 
troscope  gave  ns  for  the  first  time  certain  knowledge  of  the  nature  of 
the  heavenly  bodies,  and  revealed  the  fiindamental  ^t  that  terrestrial 
matter  is  not  pecoliar  to  the  solar  system,  but  is  common  to  all  the 
Htm  which  are  visible  to  ns. 

In  the  ease  of  a  star  such  as  Gapdla,  which  has  a  spectrum  almost 
identical  with  that  of  the  sun,  we  feel  jastifled  in  concluding  that  the 
matter  of  which  it  is  built  up  is  similar,  and  that  its  temperatare  is 
also  higli,  and  not  very  difTeieiit  from  tbesoUir  temperatare.  The  task 
of  analyzing  the  stars  and  nebulae  becomes  however  one  of  very  great 
difficulty  when  we  have  to  do  with  spectra  diftering  from  the  solar  type. 
We  are  thrown  back  upon  the  laboratory  for  the  information  necessaiy 
to  enable  ns  to  interpret  the  indications  of  the  spectroscope  as  to  the 
chemical  nature,  the  density  and  pressure,  and  the  temperature  of  the 
celestial  masses. 

\Vliat  the  spectroscope  immediately  reveals  to  ns  are  the  waves 

which  were  set  up  in  the  rether  filling  all  inter-stellar  space,  years  or 
hundreds  of  years  ago,  by  the  motions  of  the  molecules  of  the  celestial 
substances.  As  a  rule,  it  is  only  when  a  body  is  gaseous  and  sufficiently 
hot  that  the  motions  within  its  molecules  can  produce  bright  lines  and 

a  correspondiri;;  abf^orptioTi.  Tht>  spectra  of  the  heavenly  bodies  are 
indeed,  to  a  ^^ivat  ex  tent  absorption  spectra,  bu  t  we  have  usually  to 
study  them  throii<:li  the  corrcspoiidiii*;  ciiuHSion  spectra  of  bodies 
brouglit  into  the  gaseous  form  and  rendered  Inmiiions  by  means  of 
flames  or  of  eleetrie  diseharges.  In  botli  cases,  unfortiiiiately.  as  has 
been  shown  recently  by  Profs.  Liveinjr  ;nid  Dewar,  Wiillncr,  E.  Wiede- 
mann and  others,  tiiere  appears  to  be  no  certain  direef  relation  l)e- 
t  A  t  eu  the  biminous  radiation  as  shown  in  the  spectroscojn"  and  the 
tenii)erature  of  the  Haine,  or  of  the  gaseouM  contents  of  the  vin  num 
tul)e — tliat  is,  iu  the  u.sual  sense  of  tlie  term  as  applied  to  ihc  nieau 
motion  of  all  tlie  molecules.  In  both  <  :ks»'s,  the  vibratory  motions  with- 
iu  the  molecules  to  which  their  luniincKSiiy  is  due  are  almost  always 
mneh  greater  than  wouhl  be  j)roduced  by  enc  ounters  of  molecules  hav- 
ing motions  of  translation  nt)  greater  than  the  average  motions  which 
characteri/e  the  temi»erainre  of  the  gases  .as  a  whole.  Tiie  tempera- 
ture of  a  vacuum  tnl)e  through  which  an  electric  discharge  is  taking 
place  may  be  low,  as  sliown  by  a  themioniet-er,  quite  apart  from  the 
consideration  of  the  extreme  smalhu  ss  of  the  mass  of  gas,  but  the 
vibrations  of  the  Imninous molecule.^  mnst  be  violent  in  whatever  way 
we  suppose  them  to  be  set  up  by  the  discharge:  if  we  take  Schuster's 
view  that  comparatively  few  molecules  are  can ;\  ing  the  discharge,  and 
that  it  is  to  the  tierce  encounters  of  these  alone  that  the  luminosity  is 
due,  then  if  all  the  nn>lecules  had  similar  motions,  the  temperature  of 
the  gas  would  be  very  high. 

So  in  flames  where  chemical  changes  are  in  jirogress,  the  vibratory 
motions  of  the  molecules  which  are  luminous  may  be,  in  connection  with 

Digitized  by  Google 


CELESTIAL  SPECTROSCOPY. 


73 


the  energy  set  free  in  these  cbauges,  veiy  different  from  those  oorre- 
sponding  to  the  mean  temperature  of  the  flame. 

Under  the  ordinary  conditions  of  terrestrial  experiments,  therefi>rey 
the  temperature  or  the  mean  vu  vira  of  the  molecules  may  have  no  di« 
rect  relation  to  the  total  radiation,  which,  on  the  other  hand,  is  the 
sum  of  the  radiation  due  to  each  luminoas  molecule. 

These  phenomena  have  recently  been  discussed  by  Ebert  firom  the 
standpoint  of  the  electro-ma^metic  the(»r\'  of  light. 

Very  great  caution  is  therefore  calleil  tor  when  we  attempt  to  reason 
by  the  aid  of  laboratory  experiments  to  the  temperature  of  the  heavenly 
bodies  from  their  radiation,  especially  on  the  reasonable  assumption 
that  in  them  the  luminosity  is  not  ordiiuirily  associated  with  chemical 
changes  or  with  electiical  discharges;  but  is  due  to  a  simple  glowing 
fh>m  the  ultimate  conversion  of  the  gravitational  energy  of  shrinkage 
into  molecular  motion. 

In  a  recent  paper  Stas;  maintains  that  (  lectric  spectra  are  to  be  re- 
garded as  distinct  from  tlaiiio  spectra;  and  fjoni  researches  of  his  own, 
that  tlie  i)airs  of  lines  of  the  sodium  six'ctrum  other  than  1)  arc  pr-o- 
dncod  only  by  disruptive  electric  discharges.  As  tliose  i)airs  of  imea 
are  found  roversed  in  the  solar  spectmm,  he  coueludcs  that  the  sun's 
radiation  is  due  mainly  to  electric  discharges.  But  Wolf  and  Diacou, 
and  latrr.  Watts,  observed  the  other  pairs  of  lines  of  the  sodium  spec- 
trum when  tlie  vapor  was  raised  above  the  ordinary  temperature  of 
the  Bunsen  ilame.  liecently,  Liveing  and  Dewar  saw  easily,  beside?? 
D,  the  eitron  and  green  pairs,  and  sometimes  tlie  blue  pair  and  the 
orange  i>air,  when  hydrogen  charged  with  sodium  vapor  was  l)uriiiiig 
at  ditferent  pressures  in  oxygen.  In  the  ease  of  sodium  vapor,  there 
fore,  and  presmn.ibly  in  all  other  vapors  and  gases,  it  is  a  matter  of 
intliffereuce  wliether  the  necessary  vibratory  motion  of  themolcctdes  is 
produced  by  electric  discharges  or  by  tlames.  The  presence  of  lines  in 
thesolar  spectrum  w]ii<  h  we  can  only  prodiic*'  electrically,  isan  indica- 
tion, however,  ii»s  Stas  i»oiuiN  out,  of  the  high  temi>erature  of  the  sun. 

We  must  not  forget  that  tlie  light  from  the  heavenly  bodies  may  con- 
sist of  the  combined  ra<liations  of  (lit1(M  cut  lavers  of  gas  atdifterenttem- 
peratures,  and  possibly  be  furt  her  complicated  to  au  unknown  extent 
by  the  absorption  of  cooler  portions  of  gas  outside. 

Not  less  caution  is  needed  if  we  endeavor  to  argue  from  the  broaden- 
ing of  lines  and  the  coming  iu  of  a  continuous  spectrum  as  to  the  rela- 
tive pressure  of  the  gas  io  the  celestial  atmospheres.  On  the  one  hand, 
it  can  not  be  gainsaid  that  in  the  laboratory  the  widening  of  the  lines 
in  a  PlUcker's  tube  follows  upon  increasing  the  density  of  the  residue 
of  hydrogen  in  the  tube,  when  the  vibrations  are  more  frequently  dis- 
turbed by  fresh  encounters,  and  that  a  broadening  of  the  sodium  lines 
in  a  flame  at  ordinary  pressure  is  produced  by  an  increase  of  the  quan- 
tity of  sodium  in  the  flame;  but  it  is  doubtful  if  pressure,  as  distin- 
gnished  from  quantity,  does  produce  an  increase  of  the  breadth  of  the 
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lines.  An  individual  moiecule  of  sodium  will  be  sensibly  in  the  same 
condition,  eonsiderin^^  the  relatively  enoimons  number  of  the  molecules 
of  the  other  gasc8,  whether  the  flame  is  scantily  or  copionsly  fed  with 
the  sodium  salt.  With  a  small  quantity  of  sodium  vapor  the  intensity 
will  be  feeble  except  near  the  maximum  of  the  lines;  When,  however, 
the  quantity  is  inrroased,  the  comparative  transparency  on  tlie  sides  of 
the  maximum  will  allow  the  light  from  the  additional  molecules  met 
with  in  the  x)ath  of  the  visual  ray  to  Strengthen  the  radiation  of  the 
molecules  iii^rther  back,  and  so  increase  the  breadth  of  the  lines. 

In  a  gaseous  mixture  it  is  found,  as  a  rule,  that  at  the  same  pressure 
or  temi>eruture,  as  the  encountors  with  similar  molecules  become  fewel*, 
the  spectral  lines  will  be  aflected  as  if  the  body  Were  observed  under 
conditions  of  reduced  quantity  or  temperature. 

In  their  recent  investigation  of  the  spectroscopic  behavior  of  rtameu 
under  various  pressures  up  to  forty  ntinos])heres.  Profs.  Living  and 
Drwar  have  come  to  tlip  conchisidii  that  tl)<)u;;li  tlie  prominent  feature 
of  tlie  li^^ht  emitted  by  tiaines  at  hi;ih  pressure  api>ears  to  be  a  strong 
continuous  spcetitun,  tlierr  it*  not  the  sli^rlitest  indication  that  this  con- 
tiiniona  spe<  trum  is  produi  cd  by  the  broadening  of  the  lines  of  the  same 
jiases  at  low  |)ressure.  On  tlie  I'oiifrnry,  photometric  observations  of 
the  l)ri{2:htiiess  of  the,  coiitiimous  speciruiu,  as  the  pit»s8ure  is  varie<l, 
show  that  it  is  mainly  produced  by  t  he  mutual  at  tiou  of  the  niolceules 
of  a  gas.  Experiments  on  the  sodiuHi  speetnnn  were  carried  up  to  a 
pressure  of  forty  atmospheres  withoTir  ijroduciii;^"  any  delinite  effect  on 
the  width  of  the  lines  which  could  hv  ascribed  to  the  pressure.  In  a 
similar  way  the  lines  of  the  spectrum  of  water  showed  no  signs  of  ex- 
pansion lip  to  twelve  atmos})lieres;  though  more  int<^nse  than  at  ordi- 
nary itressure,  they  remained  nnrrow  and  clearly  defined. 

It  follows  therefore  that  a continUi>us  spectrum  ran  not  be  considered, 
when  taken  ahjne,  as  a  sure  indication  of  matter  in  the  iuiual  or  the 
solid  state.  Not  only,  as  in  the  experiments  already  mentioned,  such 
a  spectrum  may  be  due  to  gas  wht.ii  under  pressure,  but,  as  Maxwell 
pointed  out,  if  the  thickness  of  a  medium,  such  as  sodium  vapor,  which 
radiat<*s  and  absorbs  different  kinds  of  light,  be  very  great,  and  the 
temperatuie  high,  the  li^^ht  emitted  will  be  of  (exactly  the  same  composi- 
tion as  that  emitted  by  lamp-black  at  the  same  temperature,  for  the 
radiations  which  are  feebly  emitted  will  be  also  feebly  absorbed  and 
can  reach  the  surface  from  immense  depths.  Schuster  has  shown  that 
oxygen,  even  in  a  partially  exhausted  tube,  can  give  a  continuous  spec- 
trum when  excited  by  a  feeble  electric  discharge. 

Compound  bodies  are  usually  distinguished  by  a  banded  spectrum; 
but,  on  the  other  hand,  such  a  spectrum  does  not  necessarily  show  the 
presence  of  compounds — that  is,  of  molecules  containing  different  kinds 
of  atoms--bnt  simply  of  a  more  complex  molecule,  which  may  be  made 
up  of  similar  atoms,  and  be,  therefore,  an  aUotropio  condition  of  the 
same  liody.  In  some  cases— for  example,  in  the  diffuse  bands  of  the. 
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ftlMOfption  speotmm  of  oxygen-— the  bands  may  have  an  intensity  pro- 
portional to  the  square  of  the  density  of  the  gas,  and  may  bo  due  either 
to  the  formation  of  more  complex  molecoles  of  the  p^as  \?ith  increase  of 
pressure  or,  it  may  be^  to  the  constraint  to  which  the  molecules  are  sub- 
ject daring  their  encionnter  with  one  another. 

It  may  be  thought  that  nt  leant  in  the  coincidences  of  bright  lines  We 
are  on  the  salid  ground  of  ('<>rtaiuty,  since  the  h'ngth  of  the  waves  set 
up  in  the  aather  by  a  molecule,  say  of  hydrogen,  is  the  most  fixed  Jind 
absolutely  permanent  quantity  in  nature,  and  is  so  of  physical  necessity} 
far  with  any  alteration  the  molecule  would  cease  to  be  hydrogen. 

Such  would  be  the  case  if  the  coincidence  were  certain  j  but  an  abso- 
lute coincidence  can  be  only  a  matter  of  greater  or  less  probability, 
depending  on  the  resolving  power  employed,  on  the  number  of  the  lines 
which  correspond,  and  on  their  characters.  Wlien  the  coincidences  are 
very  ntunerous,  as  in  the  case  of  iron  and  the  solar  spectrum,  or  the 
lines  are  charm-teristically  grouped,  as  in  the  case  of  hydrogen  and  the 
solar  spectrum,  we  may  regard  the  coincidfiuo  us  certain;  but  the 
progress  of  science  has  been  greatly  retarded  by  msting  important  con- 
clusions ui)()n  the  apparent  rnincidence  of  single  lines  in  spectroscopes 
of  very  small  lesolving  i)ower,  Tti  such  cases,  unless  other  reasons 
supporting  the  coincidence  are  present,  the  probability  of  a  i^al  coinci- 
dence is  almost  too  small  to  be  of  any  importance,  osjiecially  in  the  case 
of  a  heavenly  body  which  may  have  a  motion  of  approach  or  of  recession 
of  unknown  amonnt. 

But  even  here  we  are  met  by  tlie  confusi«>Tt  introduced  by  nmltiple 
sjjectra,  corresponding  to, ditierent  nu)le<*ular  <j:r(>upinfrs  of  the  same 
substance  and,  further,  to  the  influence  of  sul>stances  in  vapor  upon 
each  other;  for  when  several  gases  aro  present  together  the  phenomena 
of  radiation  and  reversal  hy  absorption  arc  by  no  means  the  swmv  ;is 
if  the  gases  wei  e  free  from  each  others  iutiuence,  and  especially  is  this 
the  case  when  they  are  illuminated  by  an  electric  divschar-^e. 

1  have  said  as  much  as  time  will  permit  and  I  think  indee<l  suHi- 
dent  t-o  show  that  it  is  only  by  the  laborious  and  slow  process  of  most 
cautious  observation  that  the  foundations  of  the  science  of  celestial 
physics  can  be  surely  laid.  We  are  at  ])resent  in  a  time  of  transitioTi, 
when  the  earlier  and,  in  the  nature  of  thin^rs,  less  ]>recise  observations 
arc  giving  ])laee  to  work  of  an  order  of  accuracy  much  greater  than 
was  formerly  considered  attainable  with  objects  of  such  small  bright- 
ness as  the  stars. 

The  accuracy  of  the  earlier  determinations  of  the  spectra  of  the  ter- 
restrial elements  is  in  most  cases  insufficient  for  modern  work  on  the 
stars  as  well  as  on  the  sun.  It  falls  much  below  the  scale  adopted  in 
Bowland's  map  of  the  sun,  as  well  as  below  the  degree  of  accuracy  at. 
tained  at  Potsdam  by  photograi)hy  in  a  part  of  the  spectrum  for  the 
brighter  stars.  Inerease  of  resolving  x)ower  very  frequently  breaks  up 
into  groups,  in  the  spectra  of  the  sun  and  stars,  the  Imes  which  had 
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been  regarded  as  single,  and  tbeir  8np}k08ed  eoincidence  with  terrestrial 
lines  falls  to  the  groimcL  For  this  leason  many  of  the  early  conclusioiiB 
based  on  observation  as  good  as  it  was  possible  to  make  at  tlie  time 
with  tlio  k'KR  powerftil  spectroBCOpesthen  in  use,  maynot  be  found  to  be 
maintaiDed  under  the  much  greater  resolving  power  of  modem  instm- 
ments. 

8j)ecfroseopic  Froblemft. — The  spectroscope  has  failed  as  yet  to  inter- 
pret f<  r  u  the  remarkable  spectram  of  the  aurora  borealis.  Undonbt- 
cdly  in  this  ])henoiiienon  ])ortion8  of  our  atmosphere  are  lighted  up  by 
ele(*tric  discbargesi  ^f^e  should  expect^  therefore,  to  recognize  the  speetra 
of  the  gases  known  to  be  present  in  it.  As  yet  we  have  not  been  able 
to  obtiun  similar  spectra  from  these  gases  artiflciany,and  especially  we 
do  not  know  the  origin  of  the  principal  line  in  the  green,  whirh  often 
appears  alone,  and  may  have,  therefore,  an  origin  indepcndeii  t  of  that  of 
the  other  lines,  llecently  the  suggestion  has  been  made  that  tl»e  aurora 
is  a  phenomenon  produced  by  the  dust  of  meteors  and  falling  stars,  and 
that  near  positioTjs  of  ccrtnin  auroral  lines  or  tlutings  of  manganose, 
lead,  bfirinin,  tlialliiuii.  iron,  <'(<■.,  nrr  snffioicnt  to  justify  \\<  in  TP2:nrrliTiLr 
metetnic  dust  iu  tin-  atniosi)lu*r«;  us  the  ori^MU  of  the  jiiiroral  sneetnini. 
Liveiii;X  and  Dewar  have  made  ;i  conclusive  rescan  li  on  this  point,  by 
availiitu"  themselves  of  the  dust  of  cx<'essive  miiiut^ness  thrown  oflf 
from  the  surface  of  the  electrodes  of  varicms  nn'tals  and  meteorites  by 
a  disruptive  discharge,  and  carried  forwaid  into  the  tube  of  observa- 
tion by  a  more  or  loss  ra]>i'l  <  urrciit  of  w'w  or  other  gas.  These  experi- 
ments prove  that  metalii<  dusi,  lio\ve\cr  tine,  suspended  in  a  gas  will 
not  act  like  gaseous  matti  i  in  iMH^miTiir  luminous  with  its  character- 
istic s])cctnHn  in  an  cl(  ( trie  discharge  similar  to  that  of  the  aurora. 
Prof.  Sclmster  has  suffi:'  -!  "  il  that  the  principal  line  may  be  due  to  ><mio 
very  light  gas  wliich  i>  pj-eseut  in  too  small  a  inoiiortion  to  be  detected 
by  chemical  analysis  or  even  by  tiie  syx  cf  roM  (»pe  in  the  i»resence  of 
the  other  gases  jtear  the  earth,  but  which,  at  the  height  of  the  auroral 
discharges  is  in  a  suHicieutly  greater  relative  proportion  to  give  a 
spectniHi.  Lemsu  om,  indeed,  states  that  he  saw  this  line  in  the  silent 
discharge  of  a  Holtz  machirn' on  a  mountain  iu  Lapland.  The  lines 
may  not  hav<'  been  ohtaiucd  iu  our  laboratories  from  the  atmospheric 
ga.Nt  s  uu  acconnt  ol'  the  dini<'u]ty  of  re-prodneing  in  tubes  with  sufficient 
nearness  the  conditions  under  \vhich  the  auroral  discharges  take  place. 

In  the  spectra  of  comets  the  spectroscope  has  shown  the  i>resence  of 
carbon  presumably  in  combination  with  hydrogen,  and  also  sometimes 
with  nitrogen;  and  in  the  case  of  comets  approaching  very  near  the  sun, 
the  lines  of  sodium,  and  other  lines  which  have  been  supposed  to  belong 
to  iron.  Though  the  researches  of  Prof.  H.  A.  Kewton  and  of  Prof. 
Schiaparelli  leave  no  donbt  of  the  close  connection  of  comets  with 
corresponding  periodic  meteor  swarms,  and  therefore  of  the  jirobable 
identity  of  eometary  matter  with  that  of  meteorites,  with  which  the  spec* 
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tros('oj)ic  evideuct*.  agrees,  it  would  be  perhaps  iinwise  at  present  to  at- 
tempt tf)  define  too  ])recisely  the  oxai't  condition  of  the  matter  whieh 
forms  the  Tuicleus  of  the  comet.  In  any  ease  the  part  of  the  light  of 
the  comet  which  in  not  reflected  solar  ligiit  can  scarcely  be  attributed 
to  a  high  temperature  produced  by  tlie  ehishing  of  separate  meteoric 
Stoues  set  up  within  the  n iideus  by  the  sun's  disturbinj?  force.  We 
must  look  rather  to  disruptive  electric  discharges,  pidduced  probably 
by  ])?  ocesses  of  evaporation  due  to  increaw»d  solar  heat,  which  would 
be  auii»l>  sutlicieut  to  set  tie©  portions  of  the  occluded  gases  iuto  the 
vacuum  of  space.  May  it  be  that  these  dischai'ges  are  assisted,  and 
indeed  possibly  iuci-eased,  by  the  recently-discovered  a<'tiou  of  the 
ultra-violet  part  of  the  sun's  light!  Leu ard  and  Wolfe  have  shown 
that  ultra  violet  light  can  produce  a  discharge  from  a  negatively  elec- 
trified piece  of  metal,  while  Halhvju  lis  and  Righi  have  shown  further 
that  ultra-violet  light  can  e\  eu  charge  positively  au  unelectrified  piece 
of  metal.  Similar  actions  on  cometary  matter,  unscreened  as  it  is  by  an 
absorptive  atmosphere,  at  least  of  any  noticeable  extent,  may  well  be 
powerftil  when  a  comet  approaches  the  sun,  and  help  to  explain  an 
electrified  conditiou  of  the  evaporated  matter  which  would  possibl}'^ 
bring  it  under  the  sun's  repulsive  action.  We  shall  have  to  return  to 
this  point  in  speaking  of  the  solar  corona. 

A  very  great  advance  has  been  made  in  our  knowledge  of  the  con- 
stitatiou  of  the  sun  by  the  recent  work  at  the  Johns  Hopkins  University 
by  nieans  of  photography  and  concave  gratings,  in  comparing  the  solar 
BpeetnuDy  under  great  lesdying  i)ower,  directly  with  the  spectra  of  the 
terrestrial  elements.  Pro£  Rowland  bas  shown  that  the  lines  of  thirty- 
oix  terrestrial  elements  at  least  are  certainly  present  in  the  solar  spec- 
tntm,  while  eight  others  are  doubtfdl.  Fifteen  elements,  inclading  ni- 
trogen, as  it  shows  itself  under  an  electric  discharge  in  a  vacnum  tabe^ 
haye  not  been  fonnd  in  the  solar  spectrum.  Some  ten  other  elements^ 
indnsayeof  oxygen,  haye  not  yet  been  compared  with  the  snn's  spec- 
tram. 

Bowhmd  remarks  that  of  the  fifteen  elements  named  as  not  fonnd  in 
the  son^  many  ate  so  classed  becaose  they  have  few  strong  lines,  or 
none  at  all,  In  the  limit  of  the  solar  spectram  as  compared  by  him  with 
the  ara  Boron  has  only  two  strong  lines.  The  lines  of  bismuth  are 
oompoond  and  too  diffbse.  Therefore  even  in  the  case  of  these  fifteen 
elements  there  is  little  evidence  that  they  are  really  absent  ftom  the 
snn. 

It  follows  that  if  the  whole  earth  were  heated  to  the  temperature  of 
the  son,  its  spectrum  would  resemble  very  closely  the  solar  spectrum* 

Bowland  has  not  found  any  lines  common  to  several  elements,  and 
in  tba  case  of  some  accidental  coincidences,  more  accurate  investiga- 
tion reveals  some  slight  difference  of  wave-length  or  a  common  im- 
purity. Further,  the  relative  strength  of  the  lines  in  the  solar  spec- 
trum is  generally,  with  a  few  exceptions,  the  same  as  that  in  the  eleo- 
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trie  arc,  so  that  K<)wland  considers  that  his  experiments  show  very 
little  evidence^'  of  the  breakiug  up  of  the  terrestrial  elements  in  the 

sun. 

Stas  in  a  recent  paper  gives  the  final  rcsnlta  of  eleven  yeara  of  re- 
search on  the  ehemical  eliMniMits  in  a  sttite  of  purity,  and  on  thepossl* 
bility  of  decomposing  tliem  by  the  physical  and  chemical  forces  at  our 
disposal,  llis  experiments  on  calcium,  strontium,  lithium,  magnesium, 
silver,  sodium,  and  thallium,  show  that  these  substances  retain  their 
individuality  under  all  ronditions,  and  are  unalterable  by  any  forces 
that  wo  can  bring  to  liear  upon  them. 

Prof.  Rowland  looks  to  the  solar  liii<»s  which  are  miacconnted  for  as 
a  means  of  enablin^Miiui  to  disc()V(»r  sncli  new  t(M  rcsti  ial  elements  as 
still  lurk  in  rare  minciJ^Ts  and  caiths,  by  confronting  their  spectra 
directly  witli  that  of  the  sua.  He  has  ali  oiul^^  resolved  yttrium  spec- 
tro8coi)ically  into  three  com]>onents,  ami  u  f  ually  into  two.  The  com- 
parison ol  tlic  results  of  this  inde])eu<leiit  analytical  method  with  the 
remarkable  but  dillercnt  conclusions  to  which  M.  Tiecix}  dc  Boi^^baudran 
and  Mr.  Crookes  have  been  Km  I  r»  sfjcctively,  from  spectroscopic  obser 
vation  of  these  bodies  when  glow  ing  under  molecular  bombardment  in 
a  vacuum  tube,  will  bo  awaited  with  nnich  interest.  It  is  worthy  of 
remark  that,  m  our  know  ledge  of  the  iii>eclrum  of  hydrogen  iu  its  com- 
plete form  came  to  us  from  the  stars,  it  is  now  from  the  sun  that  chem- 
istry is  probably  about  to  be  enriched  by  t  lie  discovrryof  new  elements. 

In  a  discussion  in  the  Bakerian  Lecture  ioi  KSS,),  of  what  we  knew 
up  to  that  time  of  the  sun^s  corona,  1  was  led  to  the  conclusion  that  the 
coKMia  is  essentially  a  ijhenonienon  similar  in  the  cause  of  its  formation 
to  the  tails  of  comets — namely,  that  it  consists  for  the  most  part  prob- 
ably of  nnitter  going  from  the  sun  under  the  action  of  a  force,  ]>ossibly 
electrical,  which  varies  as  the  surface,  and  can  therefore  in  the  <-a8e  of 
highly  attenuated  matter  easily  master  the  force  of  gravity  even  near 
the  sun.  Though  many  of  the  coronal  particles  may  return  to  the  sun, 
those  which  form  the  long  rays  or  streamers  do  not  return;  they  sepa> 
rate  and  soon  become  too  difiiosed  to  be  any  longer  visible,  and  may 
well  go  to  fiimisb  the  matter  of  the  zodiacal  Ught,  whioh  otherwise  has 
not  received  a  satisfactory  explanation.  And  fortber,  if  sncli  a  force 
exist  at  the  snn,  the  changes  of  terrestrial  magnetism  may  be  dne  to 
direct  electric  action,  as  the  earth  moves  throngh  lines  of  inductive 
force. 

These  conclusions  appear  to  be  in  accordance  broadly  with  tbe  lines 
along  wbich  thought  has  been  directed  by  the  results  of  subsequent 
eclipses.  Prof.  Schuster  takes  an  essentially  similar  view,  and  suggests 
that  there  may  be  a  direct  electric  connection  between  tbe  sun  and  tbe 
planets.  He  asks  fhrther  whether  the  sun  may  not  act  like  a  magnet 
in  consequence  of  its  revolution  about  its  axis.  Prof.  Bigelow  has  re- 
cently treated  the  coronal  forms  by  the  theory  of  spberical  harmomcs, 
on  the  supposition  that  we  see  phenomena  similar  to  those  of  elec- 
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tricity,  the  rays  being  linos  of  forco,  and  the  ooronal  matter  discharged 
Irom  the  Buii,  or  at  least  arranged  or  t  oiitrolled  by  tliese  forces.  At 
the  extremities  of  the  streams  for  some  reaa<m8  the  repulsive  vower  may 
be  lost,  and  ^rravitatiou  set  in,  bringing  the  matter  bark  to  the  sun. 
The  matter  w  h  it  U  does  leave  the  huu  is  i)ersistently  trai  is  ported  to  the 
equatorial  pUme  of  the  corona;  in  fact,  the  zodiacal  li^ht  may  be  the 
accumulation  at  great  distances  from  the  sun  a  lung  this  etjn  a  tor  of  such 
like  roatei  ial.  Thotographs  on  a  larger  scale  will  be  desirable  for  tlio 
full  developnu  ht  of  the  conclusions  Nvbieh  uuiy  follow  from  this  study 
of  the  curved  forms  of  the  coronal  structure.  Prof.  JSchaeberle,  how- 
ever, considers  that  the  coronal  phenomena  may  be  satisfactorily  ac- 
counted for  on  the  supposition  that  the  corona  is  formed  of  streams  of 
matter  ejected  mainly  from  the  spot  zones  with  great  initial  velocities, 
but  smaller  than  382  miles  per  second.  Further,  that  the  different  t>'pes 
of  the  corona  are  dae  to  the  efTeots  of  perspoofcive  on  tbe  streams,  from 
tbe  earth's  place  at  the  time  relatively  to  the  plane  of  the  solar  equator. 

Of  the  physical  and  the  dianieal  natore  of  the  eotoDsl  matter  we 
Imow  very  tittle,  Schuster  ooududes,  from  an  examination  of  the 
eclipses  of  1882, 1883,  and  1886,  that  the  continuous  spectnun  of  the 
corona  has  the  maximum  of  actinic  intensity  displaced  considerably 
towards  the  red  when  compared  with  the  spectrum  of  the  sun,  which 
shows  that  it  oan  only  be  due  in  small  part  to  solar  li^ht  scattered  by 
snaall  particles.  The  lines  of  calcium  and  of  hydrogen  do  not  appear  to 
form  part  of  tho  nonnal  spectrum  of  the  corona.  The  green  coronal 
line  has  no  known  representative  in  terrestrial  substances,  nor  has 
Schuster  been  able  to  recognize  any  of  our  elements  in  the  otiier  lines 
of  the  corona. 

SU^Xar  ewluHon,-^The  spectra  of  the  stars  are  almost  infinitely 
diversifledy  yet  they  oan  be  arranged  with  some  exceptions  in  a  series 
in  which  the  adjacent  spectra,  especially  in  the  photographic  region, 
are  scarcely  distinguishable,  passing  from  the  bluish-white  stars  like 
Birius,  through  stars  more  or  less  solar  in  character,  to  stars  with 
banded  spectra,  which  divide  themselves  into  two  apparently  inde- 
pendent groups,  according  as  the  stronger  edge  of  the  bands  is  towards 
the  red  or  the  blue.  In  such  an  arrangement  the  sun's  place  is  towards 
the  middle  of  the  series. 

At  present  a  difference  of  opinion  exists  as  to  the  direction  in  the 
series  in  which  evolution  is  proceeding,  whether  by  further  condensa- 
tion white  stars  pass  into  the  orange  and  red  stages,  or  whether  these 
more  colored  stars  axe  younger  and  will  beeome  white  by  increasing 
age.   The  latter  view  was  suggested  by  Johnstone  Stoney  in  1807. 

About  ten  years  ago  Hitter  in  a  series  of  papers  discussed  the  behav« 
ior  of  gaseous  masses  during  condensation,  and  tlic  probable  resulting 
constitution  of  the  heavenly  bodies.  According  to  him,  a  star  passes 
through  the  orange  and  red  stages  twice,  first  during  a  comparatively 
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short  |)erio<l  of  iiureasing  temperature,  whieli  euliuinates  in  the  white 
stage,  and  a  second  time  during  a  more  prolonged  stage  of  gradual 
cooling.  Ho  suggested  that  tin*  two  groui)s  of  handed  stars  ni.iy  eor- 
res])<)iid  to  these  different  ixM  iods,  the  yoimg  stars  ])i'ing  tli(>s»'  in  wliich 
the  stronger  edge  of  the  daik  band  is  towards  the  bhie,  tlie  other  banded 
stars,  whielt  are  rehitively  h'ss  luminous  and  few  in  number,  being  thosa 
which  axe  ap])i <);iehing  extinetion  through  age. 

Recently  a  Himihir  evohitional  order  lins  Im'cii  suggested,  which  is 
based  upon  the  hypothesis  that  the  nebidn'  and  stars  cousiat  of  collid- 
ing meteoric  stones  in  ditlerent  stages  of  condensation. 

More  recently  the  view  has  been  put  forward  that  the  diversitied 
spectra  of  the  stars  do  not  represent  the  stngcs  of  ;ni  ♦'voUitioual 
])i  unl  ess,  but  are  due  for  the  most  part  to  dillerences  of  original  cou< 
stitution. 

The  few  minutes  which  can  be  given  to  this  part  of  the  address  are 
insnfficient  for  a  disctission  of  these  different  views,  I  pnrjyose.  there- 
fore, t4)  state  briefly,  and  with  reserve,  as  the  subject  is  obscure,  some  <>f 
the  considerations  from  the  characters  of  their  spectm  which  appeared 
to  me  to  be  in  favor  of  the  evolutional  order  in  which  I  arranged  the 
stars  from  their  photographic  si>ectra  in  1879.  This  order  is  essentially 
the  same  as  Vogel  had  previously  projinsed  in  Ids  classification  of  the 
stars  ill  1871,  in  which  th(»  white  stars,  whicli  are  most  numerous, 
represent  theeai  ly  adult  and  most  ])ersistent  stagt^  of  stellar  life;  the 
solar  condition  that  of  full  maturity  and  of  commencing  age;  while  in 
the  orange  an<l  red  stars  with  banded  sjiectra  we  see  the  setting  in  and 
advance  of  old  age.  But  this  statement  must  be  taken  broadly,  and 
not  as  asserting  that  all  stars,  however  different  in  nmss  and  possibly 
to  some  small  extent  in  original  constitution,  exhibit  one  invariable  suc- 
cession of  spectra. 

In  the  spectra  of  the  white  Btaro  the  dark  metallic  lines  are  relatively 
ineonspicnons,  and  occasionally  absent,  at  the  same  time  that  the  dark 
lines  of  hydrogen  are  usoally  strong,  and  more  or  less  broad,  upon  a 
continnons  spectnuD)  which  is  remarkable  for  its  brilliancy  at  the  blue 
end.  In  some  of  these  stars  the  hydrogen  and  some  other  lines  are 
bright,  and  sometimes  variable. 

As  the  greater  or  less  prominence  of  the  bydiogen  lines,  dark  or 
bright,  is  characteristic  of  the  white  stars  as  a  class,  and  diminiskea 
gradually  with  the  incoming  and  increase  in  strength  of  the  other 
lines,  we  are  probably  justified  in  regarding  it  as  dne  to  some  condi- 
tions which  occur  naturally  during  the  progress  of  stellar  life,  and  not 
to  a  peculiarity  of  original  constitution. 

To  produce  a  strong  absorption-spectrum  a  substance  must  be  at  the 
particular  temperature  at  which  it  is  notably  absorptive;  and  further, 
this  temperature  must  be  sufficiently  below  that  of  the  region  behind 
from  which  the  light  conies  for  the  gas  to  appear,  so  far  as  its  special 
lays  are  ooncemed,  as  darkness  upon  it.  Considering  the  high  tern- 
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peratiue  to  which  hydrogen  mast  be  raised  before  it  can  show  its  char- 
acteristic emission  and  absorption,  we  shall  probably  be  right  inattribn* 
ting  the  relative  feebleness  or  absence  of  the  other  lines,  not  to  the 
pancily  of  the  metallic  vapors,  bnt  rather  to  their  being  so  hot  relatively 
to  the  snbstances  behind  them  as  to  show  feebly,  if  at  all,  by  reversion. 
Such  a  state  of  things  would  more  probably  be  found,  it  seems  to  me^ 
in  conditions  anterior  to  the  solar  stage.  A  considerable  cooling  of  the 
sun  would  probably  give  rise  to  ha  ruled  spectra  doe  to  compounds,  or 
to  more  complex  molecules,  which  might  form  near  the  condensing 
points  of  the  vapors. 

The  sunand8tars  are  generally  regarded  as  consisting  of  ^dowing 
vapors  surrounded  by  a  photosphere  where  condensation  is  taking 
place,  the  temperature  of  the  photospheric  layer  firom  which  the  greater 
part  of  tlie  radiation  comes  being  constantly  renewed  firom  the  hotter 
matter  within. 

At  the  surface  the  convectioti  citrrents  would  ]nt  strong,  producing  a 
considerable  commotion,  by  whi(di  the  different  gases  would  be  mixed 
and  not  aHowed  to  retain  the  inequality  of  proportions  at  diflferent 
level**  diio  to  their  vapor  densities. 

Now  tlic  coiiditioiiH  of  the  radiating  photosphere  and  those  of  the 
fjases  above  it,  on  wiiich  the  charneter  of  the  spectrum  of  a  star  depends, 
will  be  determined,  not  alone  by  temperature,  but  also  hy  the  force  of 
gravifv  in  these  regions;  this  tone  will  bi>  tlxedby  the  sf  ji's  mass  and 
its  stage  of  condeusation,  and  will  beeoiuegreater  as  the  ^itar  coutiimes 
to  condense. 

In  the  case  of  th»'  sun  the  force  of  gravity  has  already  become  so 
jrreat  at  the  surface  that  tlie  <lee,rease  of  the.  density  of  the  gases  mnst 
be  extremely  rapid,  passing:  in  the  space  of  a  few  miles  from  atmos- 
pheric pressure  to  a  density  inlinitesimally  small;  coiiseijiiently  the 
temperature  gradient  at  the  surface,  if  determined  solely  by  t  xjiaMsnni, 
must  be  extremely  rapid.  The  gavSes  here  however  are  exposed  to  the 
fierce  radiation  of  the  sun,  and  unless  wlmlly  transparent  would  take 
ui»  heat,  especially  if  any  solid  or  li«iuid  particles  were  present  from 
condensation  or  coi!vecti{)n  currents. 

From  these  c;iuses.  within  a  very  small  extent  of  space  at  the  surface 
of  the  sun,  all  bodies  willi  which  we  are  acquainted  should  fall  to  a  eou- 
ditiou  in  whiidi  the  extremely  t<Minons  j^as  could  no  longer  give  a  vis- 
ible spectrum.  The  iasiguiticaucc  of  the  angle  subtended  by  this  space 
as  seen  from  the  earth  shonld  cause  the  boundary  of  the  solar  atmos- 
phere to  appear  defined.  If  the  boundary  which  we  see  be  that  of  the 
sun  proper,  the  matter  above  it  will  have  to  be  regarded  as  in  an  essen- 
tially dynamical  condition — an  assemblage,  so  to  speak,  of  gaseous  pro- 
jectiles, for  the  most  part  falling  back  upon  the  sun  after  a  greater  or 
less  range  of  flight.  Bnt  in  any  case  it  is  within  a  space  of  relatively 
small  extent  in  the  sun,  and  probably  in  the  other  solar  stars,  that  the 
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reverakm  which  is  manifested  by  dark  lines  is  to  be  regarded  as  taking 
place. 

Passing  backward  in  the  ntar's  life,  we  should  find  a  gradual  weak- 
ening of  gravity  at  the  surface,  a  reduction  of  the  teniperatore- gradi- 
ent so  far  as  it  was  determined  by  expansion,  and  convection  ciirrent^s 
of  less  violence  producing?  less  interference  with  the  ])roportional  quan- 
tities of  (^^ases  <!ne  to  their  vapor  densities,  wlille  the  efi'eots  of  erup- 
tions would  be  more  extensive. 

At  last  we  miglit  come  to  a  sfato  of  things  in  wliieh,  if  the  star  were 
hot  enough,  only  hydrogen  might  be  sullieiently  cool  relatively  to 
the  radiation  behind  to  produee  a  strong  absorption.  The  lower  vapr>rs 
Would  be  protected,  and  might  continue  to  be  relatively  too  hot  for 
theirlines  to  appear  very  dark  upon  the  coutinuous  spectrum;  besides, 
their  lines  might  be  possibly  to  some  extent  eflfat'cd  by  the  comi!ig  in 
under  such  oouditious  in  tho  vapors  themselves  of  a  coutinuous  »x>ec- 
trum. 

In  such  a  star  the  light  radiated  towards  the  upper  part  et  theatmos- 
phere  may  have  come  from  portions  lower  do\*Ti  of  the  atmosphere 
itself,  or  at  least  from  p  n  ts  not  greatly  hotter.  There  may  be  no  such 
great  difference  of  tempcr.iture  ot"  the  low  and  less  low  portions  of  the 
star's  atmosphere  as  to  make  the  darkening  effect  of  absori)tion  of  the 
protected  metallic  vapors  to  prevail  over  the  illuminating  effect  of 
their  emission. 

It  is  only  by  a  vibratory  motion  corresponding  to  a  very  high  tern 
perature  that  the  bright  lines  of  the  first  spectrum  of  hydrogen  can  be 
brought  out,  and  by  the  equivalence  of  absorbing  and  emitting  power 
that  the  corresponding  spe<;truni  of  absorption  should  be  i^roduced; 
yet  for  a  strong  absorption  to  show  itself,  the  hydrogen  mnst  be  cool 
relatively  to  the  source  of  radiation  behind  it,  whether  this  be  con- 
densed particles  or  gas.  Snob  conditions,  it  seems  to  me,  should  oc- 
car  in  the  earlier  rather  than  in  the  more  advanced  stages  of  conden- 
sation. 

The  sabjeet  is  obscnre,  and  we  may  go  wrong  in  onr  mode  of  con- 
ceiving of  the  probable  progress  of  events,  bat  there  can  be  no  doabt 
that  in  one  remarkable  instance  the  white-star  spectrum  is  associated 
vith  an  early  stage  of  condensation, 

Sirins  is  one  of  the  most  conspicnons  examples  of  one  type  of  this 
class  of  stars.  Photometric  observations  combined  with  its  ascertained 
parallax  show  that  this  star  emits  from  lorty  to  sixty  times  the  light 
of  our  sun,  even  to  the  eye,  which  is  insensible  to  ultra-violet  lights  in 
which  Sirios  is  very  rich,  while  we  learn  from  the  motion  of  its  com- 
panion that  its  mass  is  not  much  more  than  double  that  of  our  sun. 
It  follows  that,  unless  we  attribute  to  this  star  an  improbably  great 
emissive  power,  it  must  be  of  immense  size,  and  in  a  much  more  diffhse 
and  therefore  an  earlier  condition  than  our  sun;  though  probably  at 
a  later  stage  than  those  white  stars  in  which  the  hydrogen  lines  ace 
bright:. 
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A  direct  detenni nation  of  the  relative  temperature  of  the  photo- 
spheres of  the  stais  miefht  possibly  be  obtained  in  some  cases  from 
the  relative  position  of  niaximmii  radiation  of  tlieir  continuous  spectra. 
Langley  lias  shown  that  throuj^h  the  whole  range  of  temperature  on 
which  we  can  experiment,  and  ])resumably  at  temperatures  beyond,  the 
maximum  of  rsidiation  power  in  solid  bodies  «^adually  shifts  upwards 
in  the  spectrma  from  the  infra  red  through  the  red  and  orange,  and 
that  in  the  sun  it  has  reju  ltcd  the  Iduc. 

The  defined  <1kii  acter,  as  it  rule,  of  the  stellar  lines  of  absorption 
suggests  that  tlie  \itpors  jjroducinpr  them  do  not  at  the  same  time 
exert  any  strong  i)ower  of  general  absorption.  Conse(]uently,  we 
should  probably  not  go  far  wrong,  when  the  photosphere  consists  of 
liquid  or  solid  particles,  if  we  could  compare  select  parts  of  the  con- 
tinuous spectrum  between  the  stronger  lines,  or  where  they  are  fewest. 
It  is  obvious  that,  if  extended  portions  of  different  stellar  spectra 
were  compared,  their  tme  relation  would  be  obflcored  by  the  line- 
absorption. 

The  inorease  of  temperature,  as  shown  by  the  rise  in  the  spectrum  of 
the  maximum  of  radiation,  may  not  always  be  accompanied  by  a  cor- 
responding greater  brightness  of  a  star  as  estimated  by  the  eye,  which 
is  an  extremely  imperfect  photometric  instrument*  Not  only  is  the  eye 
blind  to  large  regions  of  radiation,  but  even  for  the  small  range  of  light 
that  we  can  see  the  Tisnal  effect  varies  enormously  with  its  color.  Ac- 
cording  toFvot  Langley,  the  same  amount  of  energy  which  Jost  enables 
US  to  perceive  light  in  the  crimson  at  A  would  in  the  green  produce  a 
visual  effect  100,000  times  greater.  In  the  violet  the  proportional  efifect 
would  be  1,600,  in  the  blue  02,000,  in  the  yellow  28,000,  in  the  orange 
14,000,aiid  in  thered  1,200.  Oapt.  Abneytsi  recent  experiments  make  the 
sensitiveness  of  tiie  eye  fbr  the  green  near  F  to  be  700  times  greater  than 
for  the  red  about  O.  It  is  for  this  reason,  at  least  in  part,  that  I  suggested 
in  1864,  and  have  since  shown  by  direct  observation,  that  the  spectrum  of 
the  nebula  in  Andromeda,  and  presumably  of  sindlar  nebulae,  is  in  ap» 
pearance  only  wanting  in  the  red. 

The  stage  at  whieh  the  maximum  radiation  is  in  the  green,  correspond- 
ing to  the  eyete  greatest  sensitiveness,  would  be  that  in  which  it  could 
be  most  fovorably  measured  by  eye  photometry.  As  the  maximum  rose 
into  the  violet  and  beyond,  the  star  would  increase  in  visual  brightness, 
but  not  in  proportion  to  the  increase  of  energy  radiated  by  it. 

The  brightness  of  a  star  would  be  affected  by  the  nature  of  the  snb- 
etaoee  by  which  the  light  was  chiefly  emitted.  In  the  laboratory  solid 
carbon  exhibits  the  highest  emissive  power.  A  stellar  .stage  in  which 
Badlation  comes,  to  a  large  extent,  from  a  pliotosphere  of  the  solid  par- 
ticles of  this  substance  would  be  fibvorable  for  great  brilliancy.  Though 
the  stars  are  built  up  of  matter  essentially  similar  to  that  of  the  sun,  it 
does  not  follow  that  the  proportion  of  the  different  elements  is  every- 
where the  same.  It  may  be  that  the  substances  condensed  in  the  pho* 


Digitized  by  Google 


84 


CELBSTIAIi  SPEGTBOSCOPT. 


tospheres  of  dUfeient  stars  may  differ  in  their  emissive  powers,  but  prob- 

ably  not  to  a  great  extent. 

All  the  heavenly  bodies  are  seen  by  us  through  the  tinted  medium  of 
our  atmosphere.  According  to  Langley  the  solar  stage  of  stars  is  not 
really  yellow,  but,  even  as  gauged  by  our  imperfect  eyes,  would  i^ppear 
bluish>white  if  we  could  free  ourselves  from  the  deceptive  influences  of 
oui  surroundings. 

From  thrse  considerations  it  follows  that  we  can  scarcely  infer  the 
evolutional  stages  of  the  stars  from  a  simple  comparison  of  their  eye 
magnitudcK.  We  should  expect  the  white  hta-rs  to  be,  as  a  class,  less 
dense  than  the  stars  in  the  solar  stage.  As  great  mass  might  bring  in 
the  solar  type  of  spectrum  at  a  relatively  earlier  time,  some  of  the 
brightest  of  these  stars  may  be  very  massive,  and  brighter  than  the 
sun — for  example,  the  brilliant  star  Arctnrns.  For  these  reasons  the 
solar  stars  should  not  only  be  denser  tliau  the  white  stars,  but  per- 
haps,  iis  a  class,  surpass  them  in  mass  and  eye  brightness. 

It  has  been  shown  by  Lane  tliat.  so  lon^-  as  a  condensing  gaseous 
mass  remains  subject  to  the  laws  of  a  purely  gaseous  body  its  tempera* 
ture  will  continue  to  rise. 

The  greater  or  less  breadtli  of  the  lines  of  absorption  of  hydrogen  in 
tlie  wliite  stars  may  be  due  variations  (»f  the  depth  of  the  hydrosren 
in  the  line  of  si-  hi ,  arising  IVom  thv  enuses  which  have  been  discussed. 
At  the  sides  lit  the  lines  the  absorption  and  emission  are  feebh*r  than 
in  the  muidle,  and  would  come  out  more  strongly  with  a  gi*eater  thick- 
ness of  gas. 

The  diversities  among  the  white  stars  are  nearly  .as  numeruus  as  tlie 
individuals  of  tlio  rlass.  Time  does  not  permit  me  t<»  do  more  than 
tt)  record  that,  in  jiidition  to  the  three  sub-classes  into  which  they  have 
been  divided  by  \ Ogel.  Sdieiner  has  recently  investigated  minfu  ilitler- 
ences  as  suggested  by  the  character  of  the  third  line  of  hydrogen  near 
(r.  He  has  pointed  out,  tou,  that  so  far  as  his  observations  go  the 
white  stars  in  the  constellation  of  Orion  stand  alone,  with  the  excepti(m 
of  Algol,  in  possessing  a  dark  line  in  the  blue  which  has  apparently 
the  same  position  as  a  bright  line  in  the  great  nebula  of  tlu^  same  con- 
stellation; and  Pickering  finds  in  his  photographs  of  the  spectra  of 
these  stars  dark  lines  corresponding  to  the  [)rincipal  lines  of  the  bright 
line  stars,  and  the  planetary  nebuhe  with  the  exception  of  the  chief 
nebular  line.  The  association  of  white  stars  with  nebular  matter  in 
Orion,  in  the  Pleiades,  in  the  region  of  the  Milky  Way,  and  in  other 
parts  of  the  heavens,  may  be  regarded  as  falling  in  with  the  view  that 
I  have  taken. 

In  the  stars  possibly  farther  removed  from  the  white  class  than  our 
sun,  belonging  to  the  first  division  of  Yogel^s  third  class,  which  are 
distinguished  by  absorption  bands  with  their  stronger  edge  toward 
the  blue,  the  hydrogen  lines  are  narrower  than  in  the  solar  spectrum. 
In  these  stars  the  density  gradient  is  probably  still  more  rapid,  the 


Digitized  by  Google 


CELESTIAL  8PEGTKOS0OPT. 


85 


depth  of  liydrout'ii  may  be  less,  and  ]»()s8ib]y  the  hydrogon  mulecules 
may  be  atiVrttMl  by  a  liirfjer  number  of  eucuuutt^rs  witli  dissiiiiiiar  mole- 
cules, lu  some  red  stars  with  dark  hydro-faibon  bauds,  the  hydroi:jen 
lines  have  not  been  certjiinly  observed;  if  they  are  really  absent  it  may 
be  because  the  temperature  has  fallen  below  the  point  at  which  hydrogen 
can  exert  its  t  liaraeteri^itic  absorption;  besides,  some  hydrogen  will 
have  united  with  the  carbon.  The  coming  in  of  the  hydro  carbon  bands 
iiiav  indicate  a  later  evolutional  stage,  but  the  tem^ierature  may  still 
be  hi^h,  as  acetyleue  can  exist  iu  the  electric  arc. 

A  nuiiiber  of  small  stars  more  or  less  sinnlar  to  those  which  are 
known  by  the  names  of  their  discoverers,  Wolf  and  JIayeL,  have  beeu 
found  by  rickeriu};  ia  his  photographs.  These  are  remarkable  for  sev- 
eral brilliant  groujis  of  bright  lines,  including  frequently  the  hydrogen 
lines  and  the  line  1)^,  upon  a  continuous  spectrum  strong  in  blue  aud 
violet  rays,  in  which  are  also  dark  lines  of  absorption.  As  some  of  the 
bright  groups  appear  in  Ms  phoiugraphs  to  agree  iu  position  with  cor- 
responding bright  lines  in  the  planetary  nebulas,  Pickering  suggests 
that  these  stars  should  be  placed  in  one  class  with  them,  but  the  bright- 
est nebular  line  is  absent  horn  these  stars.  The  simplest  conception  of 
their  nature  would  be  tiiat  each  star  is  soironnded  by  a  nebula,  the 
bright  groups  being  due  to  the  gaseous  matter  outside  the  star.  Mr. 
Boberts  however  has  not  been  able  to  bring  out  any  indication  of 
nebulosity  by  prolonged  exposure.  The  remarkable  star  7  Argas  may 
belong  to  this  class  of  the  heayenly  bodies. 

OoHout  Jfe6«te.^In  the  nebnlie  the  elder  Herschel  saw  portions  of 
the  fteiy  mist  or  shining  fluid  "  out  of  which  the  heavens  and  tiie  earth 
had  been  slowly  foshioued.  For  a  time  this  view  of  the  nebulte  gave 
place  to  that  which  regarded  them  as  external  galaxies,  cosmical  "  sand 
heaps,'*  too  remote  to  be  resolved  into  separate  stars;  though  indeed,  in 
1868^  Mr.  Herbert  Spencer  showed  that  the  observations  ofnebuls  up 
to  that  time  were  really  in  fis^vor  of  an  evolutional  progress. 

In  1864, 1  brought  the  Bpectroscope  to  bear  upon  them;  the  bright 
lines  which  flashed  upon  the  eye  showed  the  source  of  the  light  to  be 
glowing  gas,  and  so  restored  these  bodies  to  what  is  probably  their 
true  place,  as  an  early  stage  of  sidereal  life. 

At  that  early  time  our  knowledge  of  stellar  spectra  was  small.  For 
this  reason  i)artly,  and  probably  also  under  the  undue  intiuence  of  the- 
ological opinions  then  widely  ]>revalent,  I  unwisely  wrote  in  my  orig- 
inal paper  in  1864,  that  in  these  objects  we  no  longer  have  to  do  with 
a  special  modification  of  our  own  type  of  sun,  but  find  ourselves  in 
presence  of  objects  xKMsessing  a  distinct  aiul  peculiar  plan  of  structure." 
Two  years  later,  however,  in  a  lecture  before  this  Association.  T  took  a 
truer  position.  "  Our  views  of  the  universe,"  I  said,  are  undergoing 
important  changes;  let  us  wait  for  more  tiwts,  with  minds  unfettered 
by  any  dogmatic  theory,  aud  therefore  free  to  reoeivQ  the  teaching, 
whatever  it  may  be,  of  new  observations.'' 
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Let  US  turn  aBide  for  a  moment  ftom  the  nebolse  in  the  sky  to  the 
condiisions  to  which  phOoeophers  had  been  Irresistibly  led  by  a  eon- 
sideraUon  of  the  features  of  the  solar  system.  We  have  before  us  in 
the  sun  and  planets  obyionsly  not  a  haphazard  aggregation  of  bodies, 
but  a  system  resting  npon  a  mnltitade  of  relations  pointing  to  a  com- 
mon physical  canse.  From  these  consideratioiis  Kant  and  Laplace 
formulated  the  nebular  hypothesis,  resting  it  cm  gravitation  alone,  for 
at  that  time  the  science  of  the  conservation  of  energy  was  practically 
unknown.  These  philosophers  showed  how,  on  the  supposition  that 
the  space  now  occupied  by  the  solar  system  was  once  filled  by  a  vapor* 
ons  mass,  the  formation  of  the  snn  and  planets  oonld  be  reasonably  ac* 
counted  for. 

By  a  totally  different  method  of  reasoning,  modern  science  traces 
the  solar  system  backward  step  by  step  to  a  simlar  state  of  things  at 
the  beginning.  According  to  Helmholtz,  the  snn^s  heat  is  maintained 
by  the  contraction  of  his  mass,  at  the  rate  of  about  220  feet  a  year. 
^Vhethe^  at  the  present  time  the  sun  is  fretting  hotter  or  ( older  we  do 
not  cortainly  know.  Wc  can  reason  back  to  the  time  the  sun  wai>  sufli- 
ciently  expanded  to  fill  the  whole  space  o<'('upi(Ml  by  the  solar  system, 
and  was  reduced  to  a  great  j^lowinj?  nebula.  Though  man's  life,  the 
life  of  the  race  ])erhap8,  is  too  short  to  give  us  direct  evidenee  of  any 
distinet  stages  of  so  august  a  process,  still  the  probability  is  great  that 
the  nebular  hypothesis,  especially  in  the  more  precise  form  given  to  it 
by  Koche.  does  re])rpsent  broadly,  notwithstanding  some  difficulties, 
the  sucees^ioll  olevents  through  which  the  sun  and  planets  have  parsed. 

The  nebular  hy])othesis  of  Lai)laee  requires  a  rotating  mass  of  fluid 
wliu  h  at  successive  j'poelis  became  unstable  from  excess  of  motion, and 
kit  behind  rings,  or  more  probably  perhaps  lumps,  of  matter  irom  the 
eiiuatoiial  regions. 

The  ditiiculties  to  wliieii  1  have  referred  have  suggested  to  some 
thinkers  a  dift'erent  view  of  things,  according  to  wliich  it  is  not  neces- 
sary to  suppose  that  one  part  of  the  system  gravitationally  supports 
another.  The  whole  may  consist  of  a  eongeries  of  discrete  bodies  even 
if  these  bodies  be  the  ultimate  molecules  oi'  matter.  The  planetK  may 
have  been  formed  by  the  gradual  accretion  of  such  discrete  bodies.  On 
the  view  that  the  material  of  the  condensing  s<dar  system  consisted  of 
separate  particles  or  masses,  we  have  no  longer  the  lluid  pressure 
which  is  an  essential  part  of  Laplace's  theory.  Faye,  in  his  theory  of 
evolution  from  meteorites,  has  to  throw  over  this  fundamental  idea  of 
the  nebular  hypothesis,  and  he  formulates  instead  a  different  succes- 
sion of  events,  in  which  the  outer  planets  were  formed  last;  a  theory 
wliich  has  difflcnlties  of  its  own. 

Profl  George  Darwin  has  reoently  shown,  teem  an  inveetigafeloii  of 
the  mechanical  conditions  of  a  swarm  of  meteorites,  that  on  certain 
assumptions  a  meteoric  swarm  might  behave  as  a  coarse  gas,  and  In 
this  way  bring  back  the  Unid  ^essnre  exenased  by  one  part  of  the 
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system  on  the  other,  whicli  is  rcfiuirpd  by  T^apliice's  theory.  One  chief 
assumption  consists  in  supposing  that  Bucli  inelastic  bodice?  as  meteoric 
ston«'s  niiglit  attain  the  cticctive  elasticity  of  a  high  order  which  is 
Decessaiy  to  the  theory  throuyjh  tlie  sudden  volatilization  of  a  part  of 
their  mass  at  an  encounter.  l>v  which  what  is  virtually  a  violent  explo- 
sive is  introduced  between  the  two  colliding  stones.  Prof.  Darwin  is 
t^fcreful  to  point  out  that  it  must  necessarily  be  obscure  as  to  how  a 
small  mass  of  solid  matter  can  take  up  a  very  large  amount  ol  euergy 
ki  a  small  fi-action  of  a  seef)nd. 

Any  direct  indications  from  the  lieavens  themselves,  however  slight, 
are  of  so  fO'Cat  value  that  1  shtmld,  jMirhaps,  in  this  connection  call  at- 
tention to  a  recent  remarkable  photocfraph,  by  Mr.  Roberts,  of  the 
great  nebula  in  Andromeda.  Un  this  plate  we  seem  to  have  i)resented 
to  us  some  stage  of  cosinical  evolution  on  a  gigantic  scale.  Theijhoto- 
graph  shows  a  sort  of  wliirlpool  disturbance  of  tlie  luminous  matter 
which  is  distributed  in  a  plane  inclined  to  the  liue  of  sight,  in  which  a 
series  of  rings  of  bright  matter  separated  by  dark  spaces,  greatly  fore- 
Bkortenetl  by  perspective,  surround  a  large,  undefined  central  mass. 
We  are  ignorant  of  the  i)ai  allax  of  this  nebuhi,  but  there  can  be  little 
doubt  that  w  e  are  looking  upon  a  system  very  remote,  and  therefore  of 
a  magnitude  great  beyond  our  power  of  adequate  comprehension.  The 
matter  of  this  nebula,  in  whatever  state  it  may  be,  appears  to  be  dis- 
tributed, as  in  so  many  other  nebulae,  in  rings  or  spiral  streams,  and  to 
suggest  a  stage  in  a  saocession  of  evolutional  events  not  inconsistent 
with  that  whieh  the  nebular  hypothesis  requires.  To  liken  this  object 
more  diieetly  to  any  partiealar  stage  iu  the  formation  of  the  solar  sys* 
tem  would  be  to  eompare  things  great  wiUi  small,''  and  might  be  in- 
deed to  introduce  a  false  analogy;  but,  on  the  other  hand,  we  should 
err  through  an  excess  of  caution  if  we  did  not  accept  the  remarkable 
features  brought  to  light  by  this  photograph  as  a  presumptive  indica- 
tion of  a  progress  of  events  in  cosmical  history  following  broadly  upon 
the  lines  of  Laplaoe^s  theory. 

The  cAd  view  of  the  original  matter  of  the  nebuto,  that  it  consisted 
of  a  fiery  mist,'* 

a  tamultuous  cloud 
Instinct  with  Are  and  nit«T. 

fell  at  once  with  the  rise  of  the  science  of  thermodynamics.  In  1854 
Ilebnholtz  showed  that  the  supposition  of  an  original  fiery  condition 
of  the  nebulous  stuff  was  nnn(H!essary,  since  in  the  mutual  gravitation 
of  widely  separated  matter  we  li a ve  a  stoi  e  (►f  ]»<»tential  energy  sutii - 
cient  to  jrenerate  the  high  temperature  of  the  sun  and  stars.  We  can 
scarcely  go  wrong  in  attributing  the  light  of  the  nebnhe  to  the  conver- 
sion of  the  gravitati(mal  energy  of  shrinkage  into  molecular  motion. 

The  idea  that  the  light  of  ( oinets  and  of  nebnhe  may  be  due  to  a  siw- 
cession  of  ignited  Hashes  ol  gas  from  the  encounters  of  meteoric  stones 


Digitized  by  Google 


88 


CELESTIAL  &PECTRO.SCOPY. 


was  sugjiteBted  by  Proil  Taity  and  was  brought  to  the  notice  of  this  As- 
sociation in  1871  by  Sir  William  Tliomson  in  Ids  presidential  address. 

.The  spectrum  of  the  bright-line  nebnlw  is  certainly  not  snch  a  spec- 
tnim  as  we  should  expect  from  the  flashiug  by  collisions  of  meteorites 
similar  to  those  which  have  been  analyzed  in  our  laboratories.  The 
strongest  lines  of  the  substances  which  in  the  case  of  snch  meteorites 
wonld  first  show  themselves,  iron,  sodinm,  magnesium,  nickel,  etc.,  are 
not  those  which  distinguish  the  nebular  spectrum.  On  the  contrary, 
this  spectrum  is  chiefly  remarkable  for  a  few  brilliant  lines,  very  uar* 
row  and  defined,  upon  a  bai^^kground  of  a  faint  continuous  spectmni, 
which  contains  numerous  bright  lines,  and  i»robably  stnne  lines  of  ab- 
sorption. 

The  two  most  conspicuous  lines  have  not  been  interpreted;,  for 
though  the  second  line  falls  near,  it  is  not  coincident  with  a  strong 
double  line  of  iron.  It  is  hardly  necessary  to  say  that  though  the  near 
position  of  the  brightest  line  to  the  bright  double  line  of  nitrogen,  as 
seen  in  a  small  spectroscope  in  1864,  naturally  suggested  at  that  early 
time  the  possibility  of  the  presence  of  this  element  in  the  nobuhv,  1 
have  been  carefhl  to  point  out,  to  prevent  misapprehension;  that  in 
more  recent  years  the  nitrogen  line  and  subsequently  a  lead  line  have 
been  employed  by  me  solely  as  fiducial  points  of  reference  in  the  si>ec' 
truni. 

The  third  line  we  know  to  be  the  second  line  of  the  first  spectrum  of 
hydrogen.  Mr.  Iveeler  has  seen  the  first  hydrogen  lino  in  the  red,  and 
photograi)hs  show  that  this  hydrogen  si^ectrmn  is  probably  present  in 
its  coni])lete  form,  or  nearly  so,  as  we  first  learnt  to  know  it  in  the  ab- 
sorption spectrum  of  the  white  stars. 

We  are  not  surprised  to  find  tissociatcd  with  it  the  lint;  near  the 
position  of  the  absi  iit  sodium  lines,  pndiably  due  to  the  atom  of  souie 
unknown  ♦ras,  whi<  li  in  the  sun  vnu  only  sh<>w  itself  in  the  outbursts 
of  hi^ihrst  tein]>enituic,  and  t'oi-  this  reasou  does  not  reveal  itself  by 
absorption  in  the  solar  sin'ctiuni. 

It  is  not  unreasonable  to  assume  That  llie  iwo  brightest  lines,  which 
are  of  the  same  order,  are  ]>r(>dueed  ]>y  substances  of  a  similar  nature, 
in  which  a  viV»ratory  motion  ron  cspondinj^  to  a  very  high  temperature 
is  also  iieecssary,  Tlieso  siiljstances,  as  well  as  that  represented  by 
the  line  D;,,  may  be  possibly  some  of  the  unknown  elements  which  are 
wanting  in  our  terrestrial  chemistry  between  hydrogen  and  lithium, 
unless  indeed      be  on  the  lighter  side  of  hydrogen. 

In  the  laboratory  we  must  have  recourse  to  the  eleetric  discharge  to 
biing  out  the  speetrum  of  hydrogen;  but  in  a  vacuum  tube,  thou  git 
the  radiation  may  be  great,  from  tlie  relative  tewness  of  the  luminous 
atoms  or  mole<  ules  or  iVoiu  some  other  cause,  the  temperatui*e  of  the 
gas  as  a  wlioie  may  be  low. 

On  account  of  the  large  exlcnl  ol  t  he  nebula-,  a  comp  irai  ively  smal 
number  of  luminous  molecules  or  at<uns  would  probably  be  sufficient 
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to  make  tlie  nebulsB  as  bright  as  tliey  appear  to  tts.  On  such  an 
assnmption  the  average  temperature  maybe  low,  but  tlie  individual 
particles,  which  by  their  encounters  are  luminous,  must  have  motions 
corresponding  to  a  very  high  temperature,  and  in  this  sense  be 
extremely  hot. 

In  such  diffuse  masses,  from  the  great  mean  length  of  free  path,  the 
eneonnters  would  be  rare  but  correspondingly  violent,  and  tend  to  bring 
abont  vibrations  of  comparatively  short  period,  as  u])])ear8  to  be  the 
case  if  we  may  Judge  by  the  great  relative  brightness  of  the  more  refran- 
gible lines  of  the  nebular  spectrum. 

SucU  a  view  may,  perhaps,  reconcile  the  high  ti'mperature,  which  the 
nebular  spectrum  undoubtedly  suggests,  with  tlie  much  h>wer  mean 
temperature  of  the  gaseous  mass  which  we  should  expect  at  so  early  a 
stage  of  condenHation,  unless  we  assume  a  very  enormous  mass,  or  that 
the  matter  coming  together  had  previously  considerable  motion  or  con* 
siderable  molecular  agitation. 

The  inquisitiveness  of  the  liuman  mind  does  not  allow  us  to  remain 
contiMit  with  the  interpretation  of  the  present  state  oi'  the  cosmieal 
masses,  but  suggests  the  question — 

What  Mo'st  tlioo  else 
lu  tlitt  dark  bikckwunl  and  abyam  of  timet 

Wh.if  was  tlio  ori<;inal  state  of  tliinj^s!  how  has  it  coiiio  about  tliat  by 
the  side  of  n^niii,^  worlds  havenelmlaMn  a  relatively  youu^^er  staj^c? 
Havi'  any  oftliein  received  their  l)irth  from  dark  suns,  wliicli  have  col- 
}\dvd  into  new  lifet  and  &o  belong  to  a  second  or  later  generation  of  the 
heavenly  bodies  f 

DurinjT  tlie  short  hist4)ric  period,  indeed.  thei«'  is  wo  l  ee^nd  of  sneli  an 
event;  stiii  it  would  seem  to  be  only  througij  the  coiiisiou  of  dark  suns, 
of  whieh  th<^  nuniber  must  be  inerea»sing,  that  a  temporary  rejuve- 
nescence of  the  heavens  is  possible,  and  by  such  ebbinjjs  and  ilowings 
of  stellar  life  that  the  inevitable  end  to  which  evolution  in  its  appar- 
ently uucompeusated  progress  is  carrying  us  can,  even  for  a  little,  be 
delayed. 

We  can  not  refuse  to  admit  as  possible  such  an  origin  for  nebuhe. 

In  considerinjr,  howcvt'r.  the  formation  of  the  existing;  nebuhe  we 
must  benr  in  mind  that,  in  the  part  of  the  heavens  witliin  our  ken,  the 
stars  still  in  the  early  and  middle  stages  of  evolution  exceed  greatly  in 
number  those  which  appear  to  be  in  an  advanced  condition  of  condens- 
ation. Indeed,  we  find  some  stars  which  may  be  regarded  a^  not  fai* 
advanced  beyond  the  nebular  condition. 

It  may  be  that  the  eosmical  bodies  which  are  stiU  nebulous  owe  their 
later  development  to  some  conditions  of  the  part  of  space  where  they 
occur,  such  as,  conceivably,  a  greater  original  homogeneity,  in  conse^ 
qnenee  of  which  condensation  began  less  early.  In  other  parts  of  space 
condensation  may  have  been  still  further  delayed,  or  even  have  not  yet 
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begun.  It  i."^  woT-thy  of  remark  that  these  nebnl®  group  themselves 
about  the  Milky  ^Va>^  where  we  find  a  preponderance  of  the  white-star 
type  of  stars,  and  ahnost  exclusively  the  brij^ht-line  .stars  which  Pick- 
ering asso<!iates  with  the  planetary  nebula'.  Further,  Dr.  Gill  con- 
cludes, from  the  rapidity  witli  which  they  impress  themselves  upon  the 
plate,  tliat  the  fainter  stars  of  the  Milky  Way  also,  to  a  large  extent, 
beloog  to  this  early  ty^Mi  of  stars.  At  the  sam*'  time  other  types  of 
stars  occur  also  over  this  roj;ion,  and  the  red  liydrocarbon  stars  are 
found  in  certain  parts;  but  possibly  these  stars  may  be  before  or  behind 
the  Milky  Way,  and  not  physically  connected  with  it. 

If  light  niaftrr  be  snjj'^estcd  by  the  spectrum  of  these  uebulje«  it 
may  be  askcil  lui  tlicr,  as  a  pure  8pe<'iiIation,  uhctln  r  in  tlicm  wc  are 
wituessiij^'  jiossibly  a  later  condensation  of  the  lij^ht  matter  whieli  had 
been  left  l)ehiml,  at  least  in  a  relatively  jrreatfr  proportion,  after  the 
first  growtli  of  worlds  into  which  the  heavier  malii'r  coiidonsod,  though 
not  without  sonn'  cntnup'lcmpnt  of  the  lighter  substances.  The  wide 
extent  and  grt-at  ditluseiM'ss  of  tliis  bright  line  nebulosity  over  a  larjirc: 
part  of  the  constellation  of  Orion  may  be  re;;arde(l  perhaps  as  puint- 
inj4  in  this  direction.  The  diffuse  nebulous  matter  streaming  r«mnd  the 
Pleiades  may  possibly  be  another  instance,  though  the  character  of  its 
sjjectrum  has  not  yet  been  ascertained. 

In  the  planetary  nelmia'.  as  a  rule,  there  is  a  sensible  increase  of  the 
faint  cimtinuous  spectrum,  as  well  as  a  slight  thickening  of  the  bright 
lines  toward  the  (Hint<*r  of  the  nebula,  a])pearaiiees  wliieh  are  in  favor 
of  the  view  that  these  bodies  are  Ciindensiug  gaseous  masses. 

Prof.  G.  Darwin,  in  his  investijiration  of  the  equilibrium  of  a  rotating 
mass  of  fluid,  found,  in  ac(u>i  tiance  with  the  independent  researt'shes  of 
Poinciire,  that  when  a  portion  of  the  central  body  becomes  <letaehed 
through  increasing  angular  velocity,  the  ])ortion  .should  bear  a  far  larger 
ratio  to  the  remainder  than  is  observed  in  the  ]danets  and  satellites  of 
the  solar  system,  even  taking  into  account  heterogeneity  from  the  con- 
densation of  the  parent  mass. 

Now  this  state  of  things,  in  which  the  masses  though  not  equal  are 
of  the  same  order,  does  seom  to  prevail  in  many  nebnlad,  and  to  have 
given  birth  to  a  large  class  of  binary  stars.  Mr.  See  has  recently  in- 
vestigated the  erolution  of  bodies  of  this  class,  and  points  oat  their 
radical  differences  firom  the  solar  system  in  the  relatively  large  mass- 
ratios  of  the  component  bodies^  as  irell  as  in  the  high  eccentricities  of 
their  orbits,  brought  about  by  tidal  friction,  which  would  play  a  more 
important  part  in  the  evolution  of  such  systems. 

Considering  the  large  number  of  these  bodies,  be  suggests  that  the 
solar  system  should  perhaps  no  longer  be  regarded  as  representing 
celestial  evolntion  in  its  normal  form — 

A  goodly  Puterue  to  wkot^  perfect  mould 
He  j^hioned  them  -  -   -  — 

but  rather  as  modified  by  conditions  which  are  exceptional. 
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It  may  well  ho  that  in  the  very  early  stages  coudensiug  masses  are 
subject  to  very  diflcrciit  conditions,  and  tbat  condensation  may  not  al- 
ways begin  atone  or  two  (  (  nters,  but  sometimes  si  t  in  at  a  large  num- 
ber of  points,  and  proceed  iu  the  0  ifi'ereut  cases  along  very  different 
lincis  of  evolution. 

ImiMhle  Motiom  revealed  by  the  Spectroscope. — Besides  its  more  direct 
use  in  the  chemical  analysis  of  the  heavenly  bodies,  the  spectroscope 
has  given  to  us  a  great  and  iiiiexpertrd  jM)wer  of  advance  along  the 
lines  of  the  older  astronomy.  In  the  lutiire  a  higher  value  may  indeed 
be  plaeed  upon  tliis  indirect  use  of  the  spectroscope  than  upon  its 
chemical  revelations. 

By  no  direct  astronouiical  methods  could  motions  of  approach  or  of 
reeession  of  the  stars  be  even  dete<!ted,  much  less  could  they  be  meas- 
ured. A  body  coming  directly  toward  us  or  going  directly  from  us  ap- 
pears to  stand  still.  In  the  case  of  the  stars  we  can  receive  no  assist- 
ance from  ehange  of  size  or  of  brightness.  The  stars  show  no  trae 
disks  in  onr  instruments,  and  the  nearest  of  them  is  so  far  off  that  if  it 
were  approaching  us  at  fhe  rate  of  a  handred  miles  in  a  second  of  time^ 
a  whole  centnry  of  sneh  rapid  approach  wonld  not  do  more  than  inerea48e 
its  brightness  by  the  one-fortieth  part. 

Still  it  was  only  too  clear  that  so  long  as  we  were  unable  to  ascer- 
tain directly  those  components  of  the  stars'  motions  which  lie  in  the 
line  of  sight^  the  speed  and  direction  of  the  solar  motion  In  space,  and 
many  of  the  great  problems  of  the  constitution  of  the  heavens,  mast 
remain  more  or  less  imperfectly  known.  Now  the  spectroscope  has 
placed  in  car  hands  this  power,  which,  though  so  essential,  appeared 
almost  in  the  nature  of  things  to  lie  forever  beyond  our  grasp;  it 
enables  us  to  measure  directly,  and  under  ihvorable  circumstances  to 
within  a  mile- per  second,  or  even  lees,  the  speed  of  approach  or  of  re- 
cession of  a  heavenly  body.  This  method  of  observation  has  the  great 
advantage  for  the  astronomer  of  being  independent  of  the  distance  of 
the  moving  body,  and  is  therefore  as  applicable  and  as  certain  in  the 
case  of  a  body  on  the  extreme  confines  of  the  visible  universe  (so  long 
as  it  is  bright  enough),  as  in  the  case  of  a  neighboring  planet. 

Doppler  had  suggested  as  for  back  as  1841,  that  the  same  principle 
on  which  he  had  shown  that  a  sound  should  become  sharper  or  flatter 
if  there  were  an  approach  or  a  recession  between  the  ear  and  the  source 
of  the  sound,  woold  apply  equally  to  light  |  and  he  went  on  to  say  that 
the  difference  of  color  of  some  of  the  binary  stars  might  be  produced 
in  this  way  by  their  motions.  Doppler  was  right  in  that  the  principle 
is  true  in  the  case  of  lights  but  he  was  wrong  in  the  particular  con- 
clusion which  he  drew  from  it.  Even  if  we  suppose  a  star  to  be  mov- 
ing with  a  snfiiciently  enormous  velocity  to  alter  sensibly  its  color  to 
the  eye,  no  such  chancre  would  actually  be  seen,  for  the  reason  that 
the  store  of  invisible  light  beyond  both  limits  of  the  visible  spectrum, 
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the  blue  and  tlie  red,  would  be  drawii  upon,  and  ligbt-waves  iaviBibte 
to  us  wotUd  be  exalted  or  degraded  so  as  to  take  the  place  of  those 
raised  or  lowered  in  the  visible  regiooi  and  the  color  of  the  star  would 
remain  nDchanged.  Abont  eight  years  later,  Fiisean  pointed  oftt  the 
importance  of  considering  the  individual  wave-lengths  of  which  white 
light  is  composed.  As  soon  however  as  we  had  learned  to  recognise 
the  lines  of  known  substances  in  the  spectra  of  the  heavenly  bodies, 
D«»pi>1er'8  i>rincip1e  became  applicable  as  the  basis  of  a  new  and  most 
Irnitl^  method  of  investigation.  The  measurement  of  the  small  shift 
of  the  celestial  lines  from  their  true  ponitionSi  as  shown  by  the  same 
lines  in  tbe  spectriim  of  a  terrestrial  substance,  gives  to  us  the  means 
of  ascertainiii^  directly  in  iniles  per  second  tho  spood  of  approach  or 
of  recession  of  tlie  heavenly  body  from  whii'li  the  Ii|?ht  has  come. 

An  account  of  tbe  first  application  of  tliis  method  of  researcli  to  the 
stars,  whi(*h  was  made  in  my  observatory  in  1868,  was  fjiveii  by  Sir 
Gabriel  Stokes  from  this  chair  at  the  meetii.g  at  Exeter  in  180i>.  The 
stellar  motions  determined  by  me  were  shortly  after  confirme<l  by  Prof. 
Vogel  in  the  case  of  Sirius,  and  in  the  case  of  other  stars  by  Mr. 
OhriRtie,  now  astronomer-royal,  at  Greenwich;  but,  necessarily,  in 
conse(iuence  of  the  inadequacy  of  the  instruments  then  in  use  for  so 
delicate  nii  inquiry,  the  amounts  of  these  motions  were  but  approximate. 

The  niethod  was  shortly  afterwards  taken  up  syst^Mriatically  at(}reen- 
wich  and  at  the  Ihij^by  Observatory.  Tt  is  to  be  ^jreatly  regretted  that, 
for  some  reasons,  the  rrstilts  have  not  been  sntticiently  accordant  and 
a<'(!nrate  for  a  research  of  such  exceptional  delicacy.  On  this  jujcouut 
l)robably,  as  well  as  that  the  spectroscoiie  at  that  early  time  had 
scarcely  V)econie  a  tandliar  instrument  in  the  observatory,  astronomers 
were  slow  in  availing  themselves  of  this  new  and  remarkable  power  of 
investigation.  That  this  comparative  neglect  of  so  truly  wonderful  a 
method  of  ascertaining  what  was  otlierwise  ontside  our  powers  of  ob- 
servation lias  greatly  retarded  the  ])rogrt;ss  of  astronomy  during  the 
last  fifteen  years,  is  but  tiMi  clearly  shown  by  the  brilliant  results  which 
within  the  last  couple  of  years  have  luiiosved  fast  upon  the  recent  mas- 
terly application  of  this  method  by  photography  at  l^otsdara,  and  by 
eye  with  the  needful  aci  ura<'v  at  the  T.ick  Observatorv.  At  last  this 
ns<'  (if  the  spectroscope  has  taken  its  true  place  as  one  of  the  most 
potent  methods  of  astronomical  reseaich.  Tt  gives  ns  the  motions  of 
apta-oach  and  of  recession,  not  in  angulai'  measures,  which  depend  for 
their  translation  into  actual  \  elocities  upon  sepaiate  deiei  minations  of 
l)arallactic  displaceiucnts.  fuu  at  once  in  t43rrestrial  units  of  distance. 

This  method  of  work  will  doubtless  be  very  prominent  in  the  astron- 
omy of  the  near  future,  and  to  it  probably  we  shall  have  to  look  for  the 
more  im])ortant  discoveries  in  sideral  astronomy  which  will  be  made 
during  the  conung  century. 

In  his  recent  application  of  ])hotography  to  this  method  of  determin- 
iog  celestial  motions,  Prof.  A^ogel,  assisted  by  Dr.  Scheiner,  consider- 
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iuff  the  mii)ortanre  of  obtainin<r  tlie  .sj»e«  trum  ofus  many  stars  as  pos- 
sible on  an  extended  8oal(^  without  au  exposure  inconveniently  lonp, 
wisely  tleterniined  to  limit  the  part-  of  the  speetrnm  on  tiie  plate  to  the 
region  for  which  the  ordinary  silver-bromich'  i^elatine  plates  are  most 
Beusitive, — namely,  to  a  small  distanee  on  each  side  ol'  — and  to  em 
ploy  as  the  line  ot  eomi)arison  the  hydrogen  line  near  (J,  and  recently 
also  certain  lines  of  iron.  The  most  minute  and  e(»mplete  mechanu  al 
arrangements  were  provided  for  the  purpo.sc  of  securing  the  absolute 
rigidity  of  the  comi>ai  isou  spectrum  relatively  to  that  of  the  star,  and 
for  permitting  temperature  a^ustmeuts  and  otlier  necessary  ones  to  be 
made. 

The  perfection  of  these  spectra  is  shown  by  the  hirge  uumber  of  liue^, 
no  fewer  that  two  hundred  and  fifty  in  the  case  of  Capella,  within  the 
small  region  of  tbe  spectrum  on  the  plate.  Already  the  motions  of 
about  fifty  stars  have  been  measured  witb  an  accuracy,  iu  the  case  of 
the  larger  number  of  them,  of  about  an  English  mile  per  second. 

At  the  Lick  Observatory  it  has  been  shown  that  observations  can  be 
made  directly  by  eye  with  an  accuracy  equally  great.  Mr.  Keder's 
brilliant  success  has  followed  in  great  measure  from  the  use  of  the  third 
and  fomth  spectra  of  a  grating  14,438  lines  to  the  inch.  The  marvel' 
loos  accuracy  attainable  in  his  hands  on  a  suitable  star  is  shown  by 
observations  on  three  nights  of  the  star  Arctunis,  the  largest  diverg- 
ence of  his  measures  being  not  greater  than  six-tenths  of  a  mile  per 
second,  while  the  mean  of  the  three  nights'  worlc  agreed  with  the  mean 
of  Ave  photographic  determinations  of  the  same  star  at  Potsdam  to 
within  one-tenth  of  an  English  mile.  These  are  determinations  of  the 
motions  of  a  sun  so  stupendously  remote  that  even  the  method  of 
parallax  practically  fails  to  Mhom  the  depth  of  intervening  space,  and 
by  means  of  light-waves  which  have  been,  according  to  Elkin's  nominal 
parallax,  nearly  two  hundred  years  upon  their  journey. 

Mr.  Keeler,  with  his  magnificent  means,  has  accomplished  a  task 
which  I  attempted  in  vtun  in  1874,  with  the  comparatively  poor  appli- 
ances at  my  disposal,  of  measuring  the  motions  in  thelineof  sight  of  some 
of  the  planetary  nebuhe.  As  the  stars  have  considerable  motions  in 
space,  it  was  to  be  expected  that  nebuhe  should  possess  similar  motions, 
fbr  the  stellar  motions  nmst  have  beh)uged  to  the  nebuhe  out  of  whicli 
they  fiave  been  evolved.  My  instrumental  means,  limiting  my  power 
of  detection  to  motions  greater  than  25  miles  ly&t  second,  were  insuffi- 
cient. Mr.  Keeler  has  found  in  the  examination  often  nebuhe  motions 
varying  from  2  miles  to  27  miles,  with  one  exceptional  motion  of  nearly 
40  miles. 

For  the  nebula  of  Orion,  Mr.  Keeler  finds  a  motion  of  recession  of 
about  10  miles  a  second.  Now,  this  motion  agrees  closely  with  what  it 
shouhl  api»ear  to  have  from  the  drift  of  the  solar  system  itself,  so  far 
as  it  has  been  possible  at  present  to  ascertain  the  probable  vehtcity  of 
the  sun  iu  space.  This  grand  nebula,  of  vaet  extent  and  of  extreme 
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tennilyy  Ib  pobably  more  nearly  at  Tesfc  relatiTely  to  the  store  of  oar 
system  than  any  other  eelestial  object  ve  know;  still  it  would  seem 
more  likely  that  eyen  here  we  bave  some  motion^  small  though  it  may 
be,  than  that  the  motions  of  the  matter  of  which  it  is  formed  were  so 
absolutely  1)a1aii(  ed  as  to  leave  thisnebidain  theuiiqBe  position  of 
absohite  immobility  in  the  midst  of  whirling  and  diiftiDg  sons  and  i^ya- 
terns  of  snns. 

Tlic  spectroscopic  method  of  determining  celestial  motions  in  the  line 
of  sight  has  re<'ently  become  fruitful  in  a  new  but  not  altogether  unfore- 
seen direction,  for  it  has,  so  to  speak,  given  us  a  separating  power  far 
beyond  that  of  any  telescope  the  ^lasnmaker  and  the  optician  conld 
constrnct,  and  so  enabled  us  to  penetrate  into  mysteries  hidden  in  stars 
apparently  single,  and  altogether  unsuspected  of  being  binary  systems. 
Tlie  st)ectroscope  has  not  simply  added  to  the  list  of  the  known  binary 
stars,  but  has  given  to  us  for  tlie  lii  st  tinic  a  knowlrd^o  of  a  new  class 
of  stellar  systems,  in  which  the  components  are  in  some  cases  of  nearly 
ecpial  majL?nitn(l«>,  and  in  close  proxinnty,  and  are  revolving  with  velocL 
ties  greatly  exceeding  the  planet  u  y  velocities  of  our  system. 

The  K  line  in  the  photographs  of  Afizar,  taken  at  the  Harvard  Col- 
lc*r<*  O])servatory,  was  found  to  he  <l<ml>l»'at  ifitervnls  nf  Hffy  two  days. 
Tlif  sptM  trnni  was  therefore  nut  due  to  a  >niuh'  s<nir<'e  of  light,  but  to 
the  cornbmed  etl'ect  of  two  stars  niovln*;-  i)criodically  in  opposite  direc- 
tions in  the  lineof  si^ht.  It  is  obvious  that  if  two  stars  revolve  round 
their  common  centre  of  gravity  in  a  plane  not  ]icrpendieular  to  the  line 
of  si^dit,  all  the  lines  in  a  s]>ectrum  common  to  the  two  stars  will  appear 
alternately  single  or  double. 

In  the  eaKc  of  Mizar  and  the  other  stars  to  be  mentioned,  the  spec- 
troscopic observations  are  not  as  yet  extended  emmgh  t<»  furnish  more 
than  an  approximate  determination  of  the  elements  of  their  orl)its. 

Mizar  especially,  on  account  of  its  relatively  long  period — aboat 
one  hundred  and  live  da>s — needs  further  observations.  The  two  stars 
are  nu)\  ing  each  with  a  \  (*locity  of  about  ."jM*  miles  asec<md,  probably  in 
elliptical  oi bits,  and  are  alMuit  l  l-M^jtHH)  miles  apart.  The  stars,  of 
about  ei^ual  brightness,  ha  ve  together  a  muss  about  forty  timci*  as  great 
as  that  of  onr  sun. 

A  similar  doubling  of  the  lines  showed  it^^elf  in  the  Harvard  photo- 
giai»lis  of  (i  Auriga;  at  the  remarkably  close  interval  of  almost  exactly 
two  days,  indicating  a  period  of  revolution  of  abont  four  days.  Accord- 
ing to  Vogel's  later  observations,  each  stiir  has  a  velocity  of  nearly  70 
miles  a  second,  the  distance  between  the  stars  being  little  more  than 
7,500,000  miles,  and  the  mass  of  the  system  4.7  times  that  of  the  sun. 
The  system  is  approaching  us  at  the  speed  of  about  16  miles  a  second* 

The  telescope  conld  never  have  revealed  to  us  donble  stars  of  this 
order.  In  the  case  of  fi  Auriga;,  combining  Togel's  distance  with 
Pritchard's  recent  determination  of  the  stains  parallax,  the  greatest 
angular  separation  of  the  stars  as  seen  from  the  earth  would  be  one 
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two-hundredth  part  «»t  a  second  of  arc,  and  therefore,  very  far  Um  small 
for  the  hij;hest  ]>o\vers  of  the  lar^^est  telescopes,  Tf  we  take  tlic  rela- 
tion of  ap<Tiuie  to  separatinir  ])()wer  nsually  accei)t<'cl,  an  objei^t  ^^lass 
of  uhout  80  feet  in  diameter  would  be  needed  to  resolve  this  binary  star. 
The  spiH-troseope,  whieh  takes  no  note  ol"  distance.  Tun-iuMes,  so  to 
speak,  tills  minnti^  angular  Heparation  4.0(K)  times;  in  oihei*  word^4,  the 
donblin^^  of  the  lines,  which  is  the  phenomenon  that  we  have  to  observdi 
amounts  to  the  esusily  measurable  quantity  of  2()  seconds  of  arc. 

There  were  known^  indeed,  variable  stars  of  short  period,  wbieh  it 
had  been  sujjsrested  mijjht  be  exjjlained  on  the  hypothesis  of  a  dark 
bo<ly  revolving  about  a  brigiit  suu  in  a  few  days,  but  this  theory  was 
Diet  by  the  objection  that  no  such  systems  of  closely  revolving  suus 
were  known  to  exist. 

The  Harvard  photo«jn*aphs  of  which  we  have  been  speak in^^  were 
taken  with  a  slitless  form  of  spei  troscoiK',  the  prisms  being  placed,  as 
originally  by  Fraunhofer,  Ix'fore  the  objeet  glass  of  the  telescope.  This 
niethod,  though  it  possesses  some  advantages,  has  the  serious  draw- 
back of  not  xjermitting  a  direct  comparison  of  the  starts  spectrum  with 
terrestrial  spectra.  It  is  obviously  unsuited  to  a  variable  star  like 
Algol,  when^  one  star  only  is  bright,  for  in  such  a  case  there  would  be 
no  doubling  of  the  lines,  but  only  a  small  shift  to  and  fro  of  tlie  lines 
of  the  bright  star  as  it  mov(;d  in  its  orbit  alternately  toward  and  from 
oui  system,  which  would  need  for  its  detection  the  fiducial  positions  of 
terrestrial  lines  compared  directly  with  them. 

For  snch  observations  the  Potsdam  spectograph  was  well  adapted. 
Prof.  Yogel  found  that  the  bright  star  of  Algol  did  pulsate  backwards 
and  forwards  in  the  visual  direction  in  a  period  corresponding  to  tbe 
known  variation  of  Its  light.  The  explanation  which  had  been  sng- 
gested  fbr  the  star's  variability,  that  it  was  partially  eclipsed  at  regu- 
lar intervals  of  68.8  honrs  by  a  dark  companion  large  enough  to  cnt  off 
neai-ly  five-sixths  of  its  light,  was  therefore  the  true  one.  The  dark 
companion,  no  longer  able  to  hide  itself  by  its  obscnreness,  was  brought 
ont  into  the  light  of  direct  observations  by  means  of  its  gravitationai 
effects. 

Seventeen  honrs  before  mininmm,  Algol  is  receding  at  the  rate  of 
about  24}  miles  a  second,  while  seventeen  hours  after 'minimum  it  is 
fonud  to  be  approaching  with  a  speed  of  about  28}  miles.  From  these 
data,  together  with  those  of  the  variation  of  its  light,  Yogvl  found,  on 
the  assumption  that  both  stars  have  the  same  density,  that  the  com- 
panion, nearly  as  large  as  the  sun,  but  with  about  one-fourth  his  mass, 
revolves  with  a  velocity  of  about  55  miles  a  second.  The  bright  star, 
of  about  twice  the  size  and  mass,  moves  about  the  common  center  of 
gravity  with  the  speed  of  about  26  miles  a  second.  The  system  of  the 
two  stars,  which  are  about  3,250,000  of  miles  apart,  considered  as  a 
whole,  is  approaching  us  with  a  velocity  of  2.4  miles  a  second.  The 
great  difference  in  luminosity  of  the  two  stars,  not  less  than  fifty  times,* 
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suggests  rather  that  tliey  are  in  difiereut  stages  of  coudcDsation,  aod 
dissimilar  in  density. 

It  is  obvious  that  if  the  orbit  of  a  star  with  an  obscure  companion  is 
inchiied  to  the  line  of  sight,  the  rompanioii  w  ill  pass  above  or  below 
the  bright  star,  and  produeo  no  variation  (tf  its  light.  8ueh  systiMns 
may  be  numerous  in  the  heavens.  In  Vogersiphotograidis,  8pica,  which 
is  not  variable,  by  a  small  sliiftin^  of  its  lines  reveals  a  backward  and 
forward  periodical  pulsation  due  t^i  orbital  motion.  As  the  pair  whirl 
round  their  eoninion  center  of  ;^ravity,  the  bright  star  is  scmjctimes  ad- 
vauciiig»  at  others  recciiin^j;.  They  revolve  in  about  four  days,  ea<di 
star  moving  with  a  velocity  of  about  miles  a  second  in  an  orbit  prob- 
ably nearly  circular,  and  possess  a  combined  mass  of  rather  more  thau 
two  and  a  half  times  thai  of  the  sun.  Taking  the  most  probable  value 
for  tlie  star's  parallax,  the  greatest  angular  separation  of  the  stars 
would  be  &r  too  small  to  be  detected  with  the  most  powerfhl  telescopes. 

If  in  a  close  double  star  the  fainter  companion  is  of  the  white-star 
typ^y  while  the  bright  star  is  solar  in  charaeter,  the  composite  spectrum 
would  be  solar  with  the  hydrogen  lines  unusually  strong.  Such  a  spec- 
trum would  in  itself  afford  some  probability  of  a  double  origin,  and 
suggest  the  existence  of  a  companion  star. 

In  the  case  of  a  true  binary  star  the  orbital  motions  of  the  pair  would 
reveal  themselves  in  a  small  periodical  swaying  of  the  hydrogen  lines 
relatively  to  the  solar  ones. 

Prof.  Pickering  considers  that  his  photographs  show  ten  stars  with 
composite  spectra;  of  these,  five  are  known  to  be  double.  The  others 
are:  r  Persei,  C  Aurigse,  ^  Sagittarii,3I  Geti,  and  fl  Oapricomi.  Per- 
haps fi  Lyr«B  should  be  added  to  this  list. 

In  his  recent  classical  work  on  the  rotation  of  the  sun^Dun^r  has  not 
only  determined  the  solar  rotation  for  the  equator  but  for  different  par- 
allels of  latitude  up  to  75^.  The  close  accordance  of  his  results  shows 
that  these  observations  are  sufficiently  accurate  to  be  diseassed  with 
the  variation  of  the  solar  rotation  for  different  latitudes  which  had 
been  determined  by  the  older  astronomical  methods  ttom  the  observa- 
tions of  the  solar  spots. 

SpccfroHcoplr  rhofoiiidpln!. — Tliou.uh  I  have  already  sjwken  inci 
dentally  of  the  invaluable  aid  wliicli  is  furnished  by  photography  in 
sonu' of  the  applications  f>f  tin*  sjM'ct  loscope  to  the  h<Nivenly  bodies, 
the  new  power  whicli  modern  phot4)gra])]iy  has  into  the  hands  of 
the  astronomer  is  so  ^'•rcat,  and  has  led  already,  within  the  last  few 
years,  to  new  acquisitions  of  knowledge  of  such  vast  importance,  that 
it  is  fitting  that  a  few  sentences  should  be  speiually  devoted  to  this 
snb)r('l. 

Photography  is  no  new  di.sroN  <'ry,  being  about  half  a  century  old;  it 
inay  excite  snr]»risp,  and  indeed  jiossibly  suggest  some  apathy  on  the 
part  of  astrononiei  s.  though  the  suggestion  of  the  application  of  pho 
tograpliy  to  tiie  heavenly  bodies  dates  from  the  memorable  occasion 
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wlieu,  in  Araj^^OjUuuouueiug  to  the  Acad(*inie<le  S<'iencestlieffreat 
tliseovery  of  Niepce  and  Dajj^ierre.  spoke  of  the  possibility  of  taking; 
j»i«  riir('s  of  the  sun  aud  moon  by  the  now  inot  css,  yot  that  it  is  only 
wilhiu  a  few  years  that  notable  advances  in  astiononiii:al  methods  and 
disi'overy  have  been  made  by  its  aid. 

The  explanation  is  to  be  found  in  the  comparative  uusuitability  of 
the  earlier  idiotographic  methods  for  use  in  the  observatory.  In  jus- 
tice to  the  earlier  workers  in  astronomical  photograi)hy,  among  whom 
Bond,  De  la  Hue,  J.  W.  Brax>er)  Batherftird,  Gould,  hold  a  foremost 
place,  it  is  needful  to  state  clearly  that  the  recent  great  successes  in 
astronomJeal  photography  are  not  due  to  greater  skill,  uor,  to  any  great 
extent,  to  superior  instruments)  but  to  the  very  great  advantages  which 
the  modem  gelatin  dry  p]at«  iiossesses  for  use  in  the  observatory  over 
the  methods  of  Baguerre,  and  even  over  the  wet  collodion  film  on  glass, 
which,  though  a  great  advance  on  the  silver  plate,  went  but  a  little 
way  towards  putting  into  the  hands  of  the  astronomer  a  photograhic 
suitace  adapted  ftilly  to  his  wants. 

The  modem  silver-bromide  gelatine  plate,  except  for  its  grained  tex- 
ture, meets theneeds of  theastronomer at aUpoints.  It  possessesextreme 
sensitiveness;  it  is  always  ready  for  use;  it  can  be  placed  in  any  posi- 
'  tion;  it  can  be  exposed  for  hours;  lastly,  it  does  not  need  immediate 
development,  and  for  this  reason  can  be  exposed  again  to  the  same 
object  on  succeeding  nights,  so  as  to  make  up  by  several  installments, 
as  the  weatSier  may  fiermit,  the  total  time  of  exposure  which  is  deemed 
necessary. 

Without  the  assistance  of  photography,  however  greatly  the  resources  . 
of  genius  might  overcome  the  optical  and  mechanical  difficulties  of 
constructing  large  telescopes,  the  astronomer  would  have  to  depend  in 
the  last  resource  ujMjn  his  eye.  Now  we  can  not  by  the  force  of  con- 
tinued looking  bring  into  view  an  object  too  feebly  luminous  to  be  seen 
at  the  first  and  keenest  moment  of  vision.  But  the  feeblest  light 
which  foils  upon  the  plate  is  not  lost,  but  is  taken  in  and  stored  up 
ConUnuously.  Esuh  hour  the  plate  gathers  up  3,(KM)  times  the  light- 
energy  which  it  received  during  the  first  second.  It  is  by  this  power 
of  acGumuIation  that  the  photographic  plate  may  be  said  to  increase, 
almost  without  limit,  though  not  in  separating  iwwer,  tlie  optical 
means  at  the  disposal  of  the  astronomer  for  the  discovery  or  the  obser- 
vation of  faint  objects. 

Two  principal  directions  may  be  iM)inted  out  in  whicli  pliotojn'aphy 
is  of  great  service  to  the  astronomer.  It  ensibles  liiin  within  tiie  com- 
.paratively  short  time  of  a  single  exposnro  to  secun>  pci  inane ntly  with 
great  exactness  the  relative  positions  of  Imndmls  or  cv^'ii  of  thoussmds 
of  stars,  or  the  minute  featuics  of  nebula'  or  otlicr  objects,  or  tiie  phe- 
n<»mciia  of  a  passin;^^  eclipse,  a  task  wliich  by  means  ot  the  eye  and 
hainl  could  only  be  accoiiiplislierl,  if  done  at  all.  after  n  very  jjreat  ex- 
penditure of  time  and  labor.   TLotograpby  puts  it  iu  the  power  of  the 
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astronomer  to  acoomplish  in  the  short  span  of  his  ovm  life^  and  so 
enter  into  their  fruition,  great  works  which  otherwise  must  have  heen 
parsed  on  by  him  as  a  heritage  of  labor  to  saceeediog  generations. 

The  second  great  service  which  photography  renders  is  not  simply 
an  aid  to  the  powers  the  astronomer  already  possesses.  On  the  con- 
trary, the  plate,  by  recording  light-waves  which  are  both  too  small 
and  too  large  to  excite  vision  in  the  eye,  brings  him  into  a  new  region 
of  Icnowledge,  such  as  the  infra-red  and  the  ultra-violet  parts  of  the 
spectrum,  which  must  have  remained  forever  unknown  bnt  for  artificial 
help. 

The  present  year  will  be  memorable  in  astronomical  history  for  the 
practical  beginning  of  the  Photographic  Chart  and  Catalogue  of  the 
Heavens,  which  took  their  origin  in  an  international  conference  which 
met  in  Paris  in  1887,  by  the  invitation  of  H.  I'Amiral  Monchez,  directM' 
of  the  Paris  Observatory. 

The  richness  in  stars  down  to  the  ninth  magnitude  of  the  photo- 
graphs of  the  comet  of  1882  taken  at  the  Cape  Observatory  under  the 
superintendence  of  Dr.  Gill,  and  the  remarkable  star  charts  of  the 
Brothers  Henry  which  followed  two  years  later,  astonished  the  astro- 
nomical world.  The  great  excellence  of  these  photographs,  which  was 
due  mainly  to  the  superiority  of  the  gelatine  plate,  suggested  to  these 
astronomers  a  complete  map  of  the  sky,  and  a  little  later  gave  birth 
in  the  minds  of  tlie  Paris  astronomers  Uy  the  grand  enterprise  of  an 
International  Chait  of  the  Heavens.  The  actual  beginning  of  the 
work  this  year  is  in  no  small  degree  due  to  the  great  en^gy  and  tact 
\nth  which  the  director  of  the  Paris  Observatory  has  conducted  the 
initial  steps,  thnmgh  the  many  delicati?  and  difficult  questions  which 
have  unavoidably  presented  themselves  in  an  undertaking  which  de- 
pends upon  the  harmonious  working  in  common  of  many  nationalities, 
and  of  no  fewer  than  eijrhteen  (►bservatories  in  all  ])art8  of  the  world. 
The  three  years  since  Is.sT  liave  not  been  too  Idi)^  for  the  detailed  or- 
gan i /tit  ion  of  this  work,  which  has  called  lor  several  elaborate  prelim- 
inary investij^atioiis  on  spe(;ial  points  in  which  our  knowledfxc  wa«  in- 
sulUcient,  and  vUucli  liaNc  been  ably  can ied  out  by  Profs.  Vogel  and 
Bakhny/cii,  hi.  Tr»'pie(l.  Dr.  Sclieiuer,  Dr.  (iill,  the  astronomer-royal, 
and  others,  l  ime  also  was  requited  for  the  construction  of  the  now 
and  special  iust n [incuts. 

The  decisions  ot  i  Ih  ( oiifereiiec*  in  their  final  form  provide  for  the 
coiistnirtion  of  a  ureal  |)lioto.L;rapliie  chart  of  the  heavens  with  ex|K>- 
surcs  corresponding  to  lorty  minntes' e.\]M)siTre  at  Paris,  which  it  is 
e\p  fted  will  reach  down  to  stars  of  about  the  fourteenth  maLrnitude. 
As  ea*'li  ]tlate  is  (o  be  limited  to  4  square  deurees.  and  as  eadi  >tar,  to 
avoid  possible  errors,  is  to  appear  on  two  phites,  over  22,(i<H)  photo- 
graphs will  be  required.  For  the  more  accjuate  determination  of  the 
positions  of  tlie  stars,  a  rr.stau  w  ith  lines  at  distances  of  5  millimeters 
apait  is  to  be  xiieviously  iniiiressed  b^  a  iaiut  li^ht  upon  the  ^lat©^  so 
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that  tiie  image  of  the  r^setm  will  appear  together  with  the  images  of 
the  stars  when  the  plate  is  developed.  This  great  work  will  be  divided 
acooiding  to  their  latitudes  among  eighteen  observatories  provided 
with  similar  instrnments,  though  not  necessarily  constructed  by  the 
same  maker.  Those  in  the  Britisk  dominions  and  at  Tacubaya  have 
been  eottatenetodby  Sir  Howsid  Grabb. 

Besides  the  plates  to  form  the  great  char^  a  second  set  of  plates  for 
a  catslogue  is  to  be  taken  with  a  shorter  exposure,  which  will  give 
stars  to  the  eleventh  magnitude  only.  These  plates,  by  a  recent  de- 
cision of  the  permanent  committeey  are  to  be  pushed  on  as  a€curately 
as  possible,  tbongb  as  far  as  may  be  practicable  ])lates  for  the  chart 
are  to  be  taken  concurrently.  Photographing  the  plates  for  the  cata 
logne  is  but  the  first  step  iu  this  work,  and  only  supplies  the  data  for 
the  elaborate  measurements  which  have  to  be  made,  which  are  how- 
ever less  laborious  than  would  be  required  for  a  similar  catalogue  with- 
out the  aid  of  photogi'aphy. 

Already  Dr.  Gill  has  nearly  brought  to  conclusion,  with  the  assist- 
ance of  Prof.  Kapteyn,  a  preliminary  photograhic  survey  of  the  south- 
ern heavens 

Witii  an  exposure  sufficiently  lorif?  for  ili*'  faintest  stars  to  impress 
themselves  upon  the  plate,  tiie  aeeumnl;itiii^-  action  still  f^oes  on  for 
the  brighter  stars,  pnulin'm*^^  a  great  enlargeiueiit  of  their  iiuages  froui 
optical  and  photographic  causes.  The  question  has  occujried  the  atten- 
tion of  many  astronomers,  whether  it  is  possible  t<»  fiiul  a  law  connect- 
ing the  diamctt  I  s  of  these  more  (tr  less  over-exposed  images  with  the 
relative  brightness  o(  ihv  stars  themselves.  The  answer  will  come  out 
undoubt^'d  in  the  ;inirmative,  though  at  present  the  empii'ical  formula' 
which  have  been  suggested  for  this  purpose  ditier  from  each  other. 
Capt.  Abney  projioses  to  measure  the  total  photographic  action,  in- 
cluding density  as  well  as  size,  by  the  obstruction  which  the  stellar 
image  offers  to  light. 

A  further  (juestiun  ioliows  us  to  the  relation  which  the  photographic 
magnitudes  of  stars  bear  to  those  determined  by  eye.  Visual  magni- 
tudes are  the  physiulogical  expression  of  the  eye's  integration  of  that 
part  of  the  star's  light  whicli  extends  from  the  red  to  the  blue.  Photo- 
graphic magnitudes  i  rpresent  the  j)late's  integration  of  another  part  of 
the  star's  light,  namely,  from  a  little  below  where  the  power  of  the  eye 
leaves  otT  in  the  blue  to  where  the  light  is  cut  oft*  by  the  glass,  or  is 
greatly  reduced  by  want  of  proper  corrections  when  a  refracting  tele- 
scope is  used.  It  is  obvious  that  the  two  records  are  taken  by  different 
methods  in  dissimilar  units  of  different  parts  of  the  star's  light.  In  the 
case  of  certain  colored  stars  the  photographic  brightness  is  very  differ- 
ent horn  the  visual  brightness;  but  iu  all  stars,  changes,  especially  of 
a  temporary  character,  may  occur  in  the  photographic  or  the  visual 
region,  unaccompanied  by  a  similar  change  in  the  other  part  of  the 
q^trum.  For  these  reasons  it  would  seem  desirable  that  the  two  sets 
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of  magnitadeB  shoiild  be  tabulated  mdepeadently,  and  be  regarded  as 
Bnpplementary  of  eaoh  other. 

The  detemuDation  of  the  distances  of  the  fixed  stars  from  the  small 
apparent  shift  of  their  positiojis,  when  viewed  from  widely  separated 
positions  of  the  earth  in  its  orbits  Is  one  of  the  most  refined  operations 
of  the  observatory.  The  great  precision  with  which  this  minute  angu- 
lar quantity— a  fraction  of  a  second  only— has  to  be  measured,  is  so 
delicate  au  operation  with  the  ordinary  micrometer,  though,  indeed,  it 
wan  with  this  instrument  that  the  classical  observations  of  Sir  Bobert 
Ball  were  made,  that  a  sx)6cial  iustniment,  in  which  the  measures  aare 
made  by  moving  the  two  halves  of  a  (livi(le<l  object  ghiss,  known  as  a 
heliom('t(  has  been  pressed  into  this  service,  and  quite  recently,  in 
the  skillful  hands  of  Br.  Gill  and  Dr.  Elkin,  has  largely  increased  our 
knowletlge  in  this  direction. 

It  is  obvious  that  photography  miglit  be  here  of  great  service,  if  we 
could  rely  upon  measurements  of  i^hotographn  of  the  same  stars  taken 
at  suitable  intervals  of  time.  Prof.  Pritchard,  to  wliom  is  due  the 
honor  of  having  opened  this  new  path,  aided  by  his  assistants,  has 
l>roved  by  elaborate  investigations  that  metisures  for  parallax  may  be 
safoly  made  upon  photographic  plates,  with,  of  <;ourse,  the  advantages 
of  leisure  aud  r«'petitioii :  and  lie  1ms  already  by  tins  method  deterniiued 
the  parallax  for  tweuty-(Uie  stars  with  au  aecuraey  not  interior  to  that 
of  values  ])reviously  obtiiiued  by  purely  astrouoiuiral  niuthods. 

The  r«'uuirkal)le  successes  of  astronomical  photography,  which  de- 
pend upon  the  plate's  power  of  aeeumulatiou  of  a  very  feeble  lij;ht  act- 
ing (jontinuously  tlir()U!Lrh  an  exposure  of  several  luMirs.  arc  worthy  to  be 
regarded  as  a  new  re\  elation.  The  first  chapter  o^u'iied  when,  in  188(1, 
Dr.  Henry  Draper  obtained  a  picture  of  the  iiel)ula  of  Orion:  but  a 
more  important  advance  was  made  in  188;i,  when  Dr.  Comm  ii,  by  his 
photog^raphs,  brought  to  our  knowledge  details  and  extensions  of  this 
nebula,  hitherto  unknown.  A  further  disclosure  look  ])lace  in  LSS5, 
when  the  brothers  Henry  showed  for  the  Hrst  time  in  great  detail  the 
spiral  nebulosity  issuing  from  the  bri^^htstar  Maiaof  the  Pleiades,  and 
shortly  afterwards  nebulous  streams  about  the  other  stars  of  this  group. 
In  18H(»  ]Mr.  Roberts,  by  means  of  a  piiotograph  tu  which  three  lumrs* 
exiKisure  had  been  given,  showed  the  whole  background  of  this  group 
to  be  nebulous.  In  the  following  year  Mr.  Roberts  more  than  double<l 
for  us  the  great  extension  of  the  nebular  region  which  surrounds  the 
tra[)ezium  in  the  constellation  of  Orion.  By  his  photographs  of  the 
great  nebula  in  Andromeda  he  has  shown  the  true  significance  of  the 
dark  canals  which  had  been  seen  by  the  eye.  They  are  in  reality 
spaces  between  successive  rings  of  bright  matter,  which  appeared 
nearly  straight  owing  to  the  iaclination  in  which  they  lie  relatiyely  lo 
us.  These  bright  rings  surround  an  undefined  central  luminous  mass. 
I  have  alreaily  spoken  of  this  photograph. 

Some  recent  photographs  by  Mr.  Bussell  show  that  the  great  rift  Ui 
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thi-s  Milky  Way  in  Argons,  which  to  the  eyo  is  void  of  stars,  ia  in  reality 
uiiiformily  covered  with  them.  Also,  (juite  ret^eiitly,  Mr.  George  Hale 
has  photographed  the  promineuces  by  means  of  a  gi  atiug,  making  use 
of  the  lines  H  and  K. 

Stellar  dwtrilmH&ns,^lLhe  heaveoB  are  richly  bat  very  irregularly 
inwrought  witb  stare,  the  brighter  stars  closter  into  well-known  groups 
npon  a  background  formed  of  an  enlaeemeut  of  streams  and  convoluted 
windings  and  intertwined  spirals  of  winter  stars,  which  becomes  richer 
and  more  intricate  iu  the  irregular  rifted  zone  of  the  Milky  Way. 

We,  who  form  port  of  the  emblazonry,  can  only  see  the  design  dis- 
torted  and  contused;  here  crowded,  there  scattered,  at  another  place 
superposed.  The  groupings  due  to  our  position  are  mixed  up  with 
those  which  are  real. 

Can  we  suppose  that  each  luminous  point  has  no  relation  to  the  others 
near  it  than  the  accidental  neighborship  of  gi'ainR  of  sand  upon  the 
shore,  or  of  particles  of  the  wind  blown  dust  of  the  desert?  Surely 
every  star,  from  Sii  ins  and  Vega  down  to  each  grain  of  the  light  dust 
of  tlie  Milky  Way,  has  its  present  place  in  the  heavenly  pattern  from 
the  sl(»w  evolving  of  its  past.  We  see  a  system  of  systems,  for  the 
broad  leiitures  of  clusters  and  streams  and  spiral  windings  which  mark 
the  general  design  are  re-produced  in  every  port.  The  whole  is  in  motion, 
each  iioint  shifting  its  i)08ition  by  miles  every  second,  though  from  the 
an^nst  magnitude  of  their  distances  from  us  and  from  each  other,  it  is 
only  by  the  accumulated  movements  of  years  or  of  generations  that 
some  small  (changes  of  relative  position  reveal  themselves. 

The  deciphering  of  this  \\ onderfnlly  intricate  constitution  of  the 
heavens  will  be  nTul()n])tedly  one  of  tlie  eliief  astronomical  works  of 
the  coming  century.  The  i)riniary  task  of  the  sun's  motion  in  space, 
together  with  the  motions  of  the  brighter  stnrs.  has  been  already  ])ut 
well  within  our  reach  by  the  specti  oscopic  method  of  the  measurement 
of  star  motions  in  the  line  ot  isight. 

From  other  directions  informntion  is  accumulating:  from  photo- 
gra]di.s  of  clusters  and  parts  of  the  Milky  W  ay,  by  lioberts,  in  this 
country,  Barnard,  at  the  iiii  k  Observatory,  and  Russell,  at  Sydney; 
from  the  counting  of  stars,  and  the  detection  of  their  coiitic:iir,fitions 
by  Holden  jind  by  Backii  use;  fiom  the  mapping  of  the  Miiky  Way  by 
eye,  at  Parsonstown ;  from  photographs  of  the  spectra  of  stars,  by  Fick- 
erinj;  at  Harvard  and  in  Peru,  and  trom  the  exact  i>ortraiture  of  the 
heavens  in  the  great  international  star  chart  which  begins  this  year. 

I  have  but  touched  some  only  of  the  problems  of  the  newer  side  of 
astronomy.  There  aae  many  others  which  would  claim  our  attention  if 
time  permitted.  The  resei^ches  of  the  Earl  of  Bosse  on  lunar  radia- 
tion, and  the  work  on  the  same  subject  and  on  the  sun,  by  Langley. 
Observations  of  lunar  heat  with  an  instrument  of  his  own  invention 
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"by  Mr.  lioys;  and  observations  of  the  variation  of  the  moon's  licat 
witli  its  i)lia*>e  liy  Mr.  Frank  Very.  The  discovoi y  of  the  ultra-violet 
part  of  the  hydrogen  spccti  nm.  not  m  the  laboratory,  but  fi'oiu  the 
stars.  The  i'onfirmatiou  ol  lhi>  spcctruni  by  terrestrial  hydrogen  in 
part  by  II.  W.  Vorjel,  an<l  in  its  all  hnt  complete  torin  by  Coniu,  who 
found  simihir  series  in  the  iiUra-\  iolet  spectra  of  alnjiiiuiuni  and  tlial- 
h'nni.  Tlie  discovery  of  a  simple  formula  tor  the  liy(li  ('y(  ii  scnr>  by 
Bahner.  The  iuiiM*rtant  question  as  to  the  numerical  spectral  relation- 
ship of  different  substances,  especially  in  conneetion  with  their  ehem- 
ieal  properties;  and  the  furtlior  question  as  to  tho  oriirin  of  the  har- 
monic and  other  relation-,  l  etweeu  the  lines  and  lUv  groaj>in^(s  of  lines 
of  spe<'tra;  on  these  poiiiis  contributions  iluring  the  ])ast  year  have 
been  made  by  Rudolf  ^.  Kovcsligethy,  Ames,  Hartley,  Deslandres, 
Kydberg,  Griiiiwald,  Knyser  and  Kuufre,  Johnstone  iStoney,  and  others. 
Tb<'  remarkable  employmcni  of  interference  phenomena  by  IMof.  Mich- 
felsou  for  the  determination  of  the  size,  and  distrit)ution  of  li^xlit  within 
them,  of  the  images  of  objects  which  when  viewed  in  a  telescope  sub- 
tend an  angle  less  than  that  subtended  by  the  light  wave  at  a  distan«  e 
equal  to  the  diameter  of  the  objective.  A  method  applicable  not  alone 
to  celestial  objects,  but  also  to  spectral  lines,  and  other  questions  of 
mole<*ular  physics. 

Along  the  older  lines  there  has  not  been  less  activity;  by  newer 
methods,  by  the  aid  of  larger  or  more  accarately  constructed  instm- 
ments,  by  greater  reflnanent  of  analysis,  knowledge  has  been  increased) 
espet  ially  in  precision  and  nunate  exactness. 

Astronomy,  the  oldest  of  the  sciences,  has  more  than  renewed  her 
youth.  At  no  tune  in  the  past  has  she  been  so  bright  with  tmbonnded 
aspirations  and  hopes.  Kever  were  her  temples  so  nnmerons  nor  the 
crowd  of  her  yotaries  so  great  The  British  Astronomical  Associatton 
formed  within  the  year  numbers  already  about  600  members.  Happy 
is  the  lot  of  those  who  are  still  on  the  eastern  side  of  life's  meridian. 

Already,  alas !  the  original  founders  of  the  newer  methods  are  £E^ng 
out— Kirdihoir,  AngstrOm,  IF  Arrest,  Seochi,  Draper,  Becquerel;  but 
their  places  are  more  than  filled;  the  pace  of  the  race  is  gaining,  but  * 
the  goal  is  not  and  never  will  be  in  sight. 

Since  the  time  of  Newton  our  knowledge  of  the  phenomena  of  nature 
has  wonderfully  increased,  but  man  asks,  perhaps  more  earnestly  now 
than  in  his  days,  What  is  the  ultimate  reality  behind  the  reality  of  the 
perceptions  f  Are  they  only  the  pebbles  of  the  beach  with  which  we 
have  been  playingi  Does  not  the  ocean  of  ultimate  reality  and  truth 
lie  beyond  f 
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The  mere  equal- surface  counting  of  the  stars  visible  with  tho  sjiine 
instmuietit  in  tlitfeieut  sections  of  the  sky  gives  results  open  U)  mis  in 
terpretation.  Admirable  in  itself,  the  method  fails  because  it  eiicoun- 
tera  what  we  may  call  "  systematic  errors**  in  the  distribution  of  the 
stars.  With  incidental  anomalies  it  is  fally  competent  to  deal ;  they 
should,  on  a  large  ayeragt^  be  mataally  compensatory ;  but  it  breaks 
down  before  the  cloatering  tendency  which  pervades,  more  or  lees  mark- 
eiUy,  the  eottre  sidereal  sjrstem.  Not  only  are  certain  parts  of  space 
more  crowded  than  others,  but  the  crowded  parte  are  related  according 
to  an  obvious  plan.  They  do  nat  occur  casnally.  Their  effect  is  then 
heightened,  instead  of  being  eliminated,  by  multiplied  obsenrations. 

The  present  resources  of  science,  however,  seem  to  offer  the  means  of 
discriminating,  to  some  extent,  between  real  crowding  and  the  simple 
extent  of  star-strewn  space.  Although  the  total  number  of  the  stars  vis- 
ible in  each  case  with  the  same  telescope  might  be  precisely  the  same, 
their  relative  numbers,  counted  by  magnitudes,  would  in  all  probability 
be  very  different.  In  a  stratum,  supposing  the  distribution  of  the  stars 
equable  and  their  size  uniform,  their  numbers  should  be  nearly  quad- 
rnpled  at  each  descent  of  a  inagnitude.  This,  of  course,  is  an  ideal 
law  of  progression  which  we  can  not  expect  to  find  anywhere  strictly 
ob^ed;  but  even  approximate  conformity  to  it  must  be  held  to  indicate 
with  tolerable  certainty  that  the  lessening  ranks  of  the  stars  are,  on 
the  whole,  at  dUtances  irom  us  corrospouding  with  their  Ught.  mw  it 
isapproximately  conformed  to  by  the  stellar  multitude  down  to  the  8.9 
magnitude  over  the  general  expanse  of  the  sky,  as  well  as  over  the  zone 
of  the  Milky  Way.  But  in  that  zone  stars  of  t\w  ninth  and  higher  mag- 
nitudes very  much  exceed  their  due  numerical  proportions;  in  other 
words,  they  are  physically,  no  less  than  optically,  condensed. 

From  these  circumstances  two  very  important  inferences  may  be  de- 
rived: First,  that  the  lower  margin  of  the  galactic  aggregations  lies  at 
a  distance  from  us  corresponding  roughly  to  the  mean  distance  of  a 
ninth  magnitude  star,  costing  li^Iit  some  fourteen  hundred  years  of 
travel;  next,  that  the  aggregated  objects  are  average  stars,  neither 

^  *  From  Satture,  Angnst  8, 198&,  vol.  xi^  pp,  344-346. 
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larger  nor  smaller  than  those  in  our  nearer  neighborhood.  Both  con- 
clnsions  seem  inevitable  should  the  facts  torn  out,  on  closer  investiga- 
tiotty  to  be  as  above  stated.  A  regular  increase  in  the  numbers  of  the 
successive  photometric  orders  of  stars,  tallying  with  the  increased  cub- 
ical contents  of  the  successive  spheres  of  irhich  the  radii  are  the  thei*- 
retical  mean  distances  of  those  same  orders,  affords  strong,  if  not  de- 
monstrative, evidence  of  a  corresponding  real  penetration  of  space.* 
And  since  the  sequence  continues  unbrok^  down  jaKt  to  the  ninth 
magnitude,  we  see  that  the  galactic  condensations  of  ninth  magnitude 
stars  can  not  be  sitmited  nearer  to  us  than  their  brightness  would  lead 
us  to  siippoHo — can  not,  in  other  wordn,  be  stars  on  a  lower  than  the 
ordinary  U'vel  of  luster. 

It  is  tolorubly  certain  however  that  the  denser  star  clouds  of  the 
Milky  Way  he  far  beyond  ninth  magnitude  distance.  The  ground  for 
tliis  assertion  is  not  the  apparent  minuteness  of  their  components,  but 
the  singular  fact,  adverted  to  1>y  Arjjfelander,  tliat,  in  the  divided  Milky 
Way,  running  from  Cygnus  to  tlie  Centaur,  the  sliining  branches  are 
nearly  on  a  par  with  the  dark  rift  separating:  them  as  regaids  the  dis- 
tribution of  stars  even  fainter  than  the  ninth  magnitude.  The  nebu- 
lous eflfe<!t  to  the  eye  distinjjfuishing  tlie  braru'lios  is  thon  |>resumably 
due  to  more  remote  collections.  As  to  the  further  limits  ol'  those  we 
know  as  yet  nothing,  excejit  that  Ilcrsi-hel's  gau^c  imnib«'rs  left  it  to 
be  inferre<l  that  "  thinninjj;  out "  liad  become  marked  Ix'lore  the  attain- 
ment of  fourteentli  ma<:intn<U'  distance.  ( )ii  these  and  similar  subjects 
enlightenment  may  be  hoped  for  through  the  judicious  uho  of  means 
already  sit  hand. 

Foi-  siniph'  star-counts,  we  have  otily  to  substitute  star-counts  by 
magnitudes  over  selected  areas  of  the  sky.'  Tlie  relative  numbers  of 
the  photometric  ranks  can  hardly  fail  to  «,n  ve  highly  valuable  indica- 
tions as  to  ii'al  distribution;  provided  ouiy  that  the  assumption  of  a 
general  uuitormity  in  tlie  brightness  of  th<»  stars  be  valid.  Not  (it  need 
scarcelv  be  said)  of  a  unilorntilv  sueli  ;is  to  i)reclud4'  any  extent  of  in- 
dividual  variety;  all  that  need  supposed  is  that  the  average  size  of 
a  star  renuiins  constant  tliiouj^liout  sidereal  space.  This  hy]>othe8i8 
has  far  niort*  probability  in  its  favor  tliau  any  other  which  could  be  set 
up  instead  of  it;  though  it  may  receive  corrections  as  our  iucjuiries  sid- 
vance. 

The  photometric  classification  of  snnill  starii  m  one  of  the  many 
branches  of  sidereal  science  which  will  henceforth  be  prosecuted  only 
with  the  assistance  of  tlie  camera.  Visual  methods  are  inadequate  and 
insecure.  Those  by  jjliotography,  it  is  true*  have  also  their  difficnlties, 

'Thn  iiloa  nf  ilfttTiiiiuin^  «li»hinrf  l»y  'liHtrilmtion  sortti-*  to  have  presented  itaelf 
to  Dr.  ^oiilil  in  1874.    Sc«3  .Itm-rinin  Journal  o/  ikUnce,  vol.  vui. 

tThis  plan  waa  fli»t  suggested  by  Prof.  Holden  in  1883,  as  ajnode  of  investi^atiikg 
the  comp<Miti«Ni  of  star-groapings  ("Wasbbum  Publications,*'  vol.  ii,  p.  113). 
Counts  with  varied  tclcKcopic  aporturcs  jjavo  him  the  tinnihors  in  the  Rnccesaive 
pbotonirtric  rankH.  We  lu'lievo  that  a  photographic  method  of  detemining  them 
hu8  smwj  hwu  adopted      him.  Digitized  by  Google 
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not  yet  completely  yanqniBhed;  they  will,  however,  evidently  prove 
manageable.  Prof.  Pickering  is  tentativ^y  establishing  methods  in 
photograpliic  photometry  which  will  doubtiess  before  long  be  bronght 
to  perfection.  They  depend  mainly  upon  comparisons  of  stellar  im- 
pressions upon  any  given  plate,  exposed  under  known  conditions,  with 
standard  impressions  of  standard  stars  obtained  with  varied  exposures 
or  apertures.  For  the  purpose  inTe  have  in  view,  accidental  errors  of 
estimation,  even  if  very  large  in  amount,  are  of  no  importance.  What 
is  essential  is  that  the  integrity  of  the  series  should  be  preserved — ^tbat 
the  proportionate  change  of  light  from  one  magnitude  to  the  next  should 
remain  invariable  from  the  first  term  to  the  last*  The  realization  of 
this  aim,  now  virtually  attained,  is  one  of  the  most  weighty  services 
rendered  to  astronomy  by  the  sensitive  plate. 

We  may  now  describe  the  process  of  photographic  star-ganging.  It 
consists  in  the  enumeration,  by  magnitudes  or  half  magnitudes,  of  the 
Btiirs  down,  suy,  to  the  fifteenth  magnitude,  self-pictured  from  distinct- 
ively situated  patches  of  the  sky.  Each  such  area  ^^lioiild  be  wide 
enough  to  insure  the  elimination  of  minor  irregularities  in  distribution; 
but  a  single  large  field  would  often  suffice  to  show  the  characteristic 
grouping  of  the  smaller  telescopic  stars. 

The  Milky  Way  would  naturally  be  the  first  subject  of  inquiry;  and 
the  comparison  of  several  plates  taken  in  different  sections  of  its  course 
might  be  expected  to  yield  data  of  great  significance  as  regards  its 
constitution.  From  simply  calling  over  the  muster>roll  by  orders  of 
brightness  of  the  stars  contained  in  them,  answers  may  be  derived  to 
the  following  questions: 

(1)  How  far  does  the  regular  seqnonce  of  increasing  numbers  extend  ! 
That  is,  down  to  wiiat  grade  of  brightness  do  the  stars  continue  nearly 
to  quadruple  with  eaeli  additional  magnitude? 

(2)  Is  the  progression  intermitted  by  detector  excess, or  byeach  alter- 
nately t  In  other  words.  do<'s  the  stellar  system  embrace  systematic 
vacancies  as  well  as  systematic  groiijtings  \ 

{?,\  Supposing  an  accumulation  ol  stars  to  set  in  at  a  detinite  stage  of 
space  ] u  in  Ti  atioii,  where  docs  it  stop!  Down  to  what  magnitude  is 
the  augineiitcd  ratio  of  iiicrcasc  maintained! 

I)  A I  e  there  sy inptouis  of  approacliiug  total  exhaustion  of  the  stel- 
lar Slip] flies  beyond  ? 

These  sliould  be  toiunl  in  a  concurrent  decrease  of  density  with 
brightness.  "  density  "  being  understood  as  the  proportion  of  the  num- 
bers presciiL  to  the  space  fluorrticdUi/  available  for  stars  of  a  given 
magnitude.  P'or  one  of  two  things  seems  certain:  either  the  thinning 
fringe  of  stars  is  composed  ot  really  small  objects  interspersed  among 
larger  ones,  or  of  average  stars  at  average  distances  from  us,  but  fur- 
ther and  further  apart  f^m  each  other.  In  the  first  <'ase  the  system 
ends  abruptly ;  in  the  second,  it  is,  as  it  were,  shielded  by  outliers  fiom 
the  absolute  void. 
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Particnlar  attoiirioii  should  be  paid  to  the  diltereiices  of  steUar  dis- 
tribution upon  j)late8  of  the  Milky  Way  i>roi>er,  and  of  the  dark  aper- 
ture between  its  cloven  portions.  That  this  really  forms  ;in  integral 
part  of  the  galaxy  is  shown  by  tlie  far  gieater  protnsion  ot  small  .stars 
tbere  than  in  the  general  sky  at  the  outer  margin s  of  the  galactic 
biauihes — a  fact  in  itself  fatal  to  the**  spiral  tht'ory/' by  which  the 
rift  wan  interpreted  as  a  cliink  ot  oniniary  sky-background  left  by  the 
interhu'ing,  to  the  ey<',  of  two  great  streams  of  stiirs.  one  indefinitely 
more  remote  than  tin*  other.  From  photographs  we  may  now  hope  to 
learn  what  is  the  nature  of  the  distinetion  between  rillantl  branches — 
what  are  the  magnitudes,  rehitive  numbers,  and  presumable  mean  dis- 
tiinees,  of  the  clustering  stars  present  in  the  latter,  but  absent  from 
former. 

Gauges  taken  in  fhe  neighborhood  of  the  southern  coal-sack'^  ought 
to  proye  instructive  as  to  the  nature  of  the  nebulous  stratum  out  of 
which  it  seems  as  if  scooped.  If  the  Milky  Way  be  there  shallower 
than  elsewhere,  a  greater  uniformity  of  lustre  may  be  looked  for  among 
the  stars  composing  it.  No  background  profbsely  stored  with  lessen- 
ing ranks  will  come  into  view,  and  stars  below  the  average  of  those 
grouped  in  bright  masses,  representing  their  genuine  companions,  will 
be  but  scantily  present. 

Outside  the  milky  way,  two  points  suggest  themselves  as  likely  to  be 
settled  by  photographic  gauges.  Argelander  found  that  the  faintest 
stars  in  the  Dwehmwterung  were  everywhere  in  excess  of  their  due 
proportion.*  Even  at  the  galactic  pole,  their  increase,  as  compared 
with  the  class  next  below,  was  sextuple  instead  of  quadmple;  in  the 
undivided  galactic  stream  it  was  nine  and  a  half,  in  the  rift  eight  and 
a  half  times.  If  this  semblance  of  crowding  in  all  directkms  at  about 
the  mean  distance  of  a  ninth  magnitude  star  be  no  accident  of  enumera- 
tion, tbm  the  milky  way  is  only  the  enhancement  of  a  phenomenon 
universally  present,  and  the  fundamental  plan  of  the  sidereal  system 
must  be  regarded  as  that  of  a  sphere  with  superficial  condensation  in- 
tensified in  an  equatorial  ring.  Tlie  counts,  to  settle  this  question,  will 
have  to  extend  over  a  considerable  area. 

The  second  point  for  photographic  investigation  refers  to  the  limits 
of  the  system  towards  the  galactic  poles.  There  is  reason  to  believe 
them  comparatively  restricted.  M.  Celoria,  of  the  Milan  observatory, 
using  a  refractor  capable  at  the  utmost  of  showing  stars  of  eleventh  mag- 
Ditnde,  obtained  for  a  mean  sounding,'*  at  the  north  iK)le  of  the  milky 
way,  almost  identically  the  same  number  given  by  Herschel's  great  re- 
fleetor.t  That  is  to  say,  no  additional  stars  were  revealed  by  the  larger 
instrument.  Should  tliis  evidence  be  confirmed,  the  boundary  of  the 
stellar  scheme  should  here  be  placed  at  a  maximum  remoteness  of  3,500 
years  of  light  travel. 

*^iiif«r  Beobttektungen,  ltd.  v,  ''EiDleitang." 
t  Memnie  MP  Inttitui^  Lombardo,  t.  xiv,  p.  8S. 
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As  a  specimen  of  a  photofjraphic  p:aiijj:o-fiel(l  on  a  .small  scale,  we  may 
take  Prof.  Pickeiiiig\s  ('atalo^^ue,  from  the  Harvard  plates,  of  947  stars 
witliiu  1*^  of  the  north  celestial  pole.*  Tlie  refjion  exaiuiued  lies  about 
27'^  from  thfe  zone  of  the  Milky  Way,  but  is  nearly  reached  by  a  faint 
extc^usion  from  it.  Since  only  one  ei«;hth  magnitude  star,  and  none 
brighter,  are  included  in  it,  the  study  of  distribution,  for  which  it  offers 
some  materials,  may  be  said  to  \w^\n  with  the  ninth  magnitude.  A 
single  glance  at  the  synoptical  table  suiliccs  to  show  that  the  numerical 
representation  of  the  hiijher  magnitudes  is  inade<iuate.  The  small 
stars  are  overwhelmingly  t<K)  few  for  the  si)ace  thc\ must  occupy  if  of 
average  brightness ;  and  they  are  too  few  in  a  constant  ly  increasing  ratio. 
Either,  then,  the  diminishing  orders  form  ])ai  t  of  a  heterogeneous  col- 
iectiou  of  stars  of  all  sizes  at  nearly  the  same  distance  from  us  about 
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that  corresponding  to  ninth  magnitude),  or  they  belong  to  attenuated 
star-layers  stretc  hing  to  a  much  vaster  distance.  A  criterion  might  be 
supi)lie<l  by  Prof.  Holden's  jilarit  of  charting  separately  stars  of  succes- 
sive magnitudes  over  the  same  area,  and  judging  of  their  connection  or 
disconnection  by  the  a^n^eement  or  disagreement  in  the  iotma  of  their 
grou  lyings. 

The  accompanying  diagram  shows  graphically  the  decrease  of  density 
outward,  deducible  from  Prof.  Pickering's  numbers  on  the  sole  suppo- 


*  Hurvard  AnnaU,  vol.  xvni,  p.  138. 

f  Recommended  in  the  Century  }fag«Min€  fat  September,  1SB8»  M  well  M  In  "Weeh- 
barn  Pnblicatlone/'  vol.  ii,  p.  U3. 
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sition  of  till'  cqusil  iiveraj^e  luster  of  cacli  class  of  sturB.  Those  of  tlie 
ninth  are  the  most  t^iosely  scattered.  The  intervals  between  star  and 
f*tar  widen  ra]>idly  and  continuously  (for  the  sudden  dip  at  0-5  nmgriii 
lude  is  evidently  accidental)  down  to  11.5  niaguitiidc,  when  a  slight  re 
covery,  lasting  to  tiic  thirteenth  maj^nitndc,  sets  in.  How  far  then*- 
changes  are  of  a  systematic  cliaracter  can  only  be  decided  from  tar 
wider  surveys. 
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By  A&TXEB  Mr  Olbbkb. 


Science  needed  two  thousand  years  to  disentanjjle  the  earth's  orbitiil 
movement  from  the  revolutions  of  the  other  planets,  and  the  incompar- 
ably more  ardaons  problem  of  distinguishing  the  Bolar  share  in  the 
ranflised  moltitade  of  stellar  displacements  first  presented  itself  as 
possibly  tractable,  little  more  than  a  century  ago.  In  the  lack  as  yet  of 
a  definite  solution  for  it,  there  Is  then  no  ground  for  snrprise,  bat  nmch 
for  satisfifcotion  in  the  large  measure  of  snccess  attending  the  strenoons 
attacks  of  vhtch  it  has  so  offcen  been  made  the  object 

Approximately  correct  knowledge  as  to  the  direction  and  velocity  of 
the  snn's  translation  is  indispensable  to  a  profitable  stady  of  sidereal 
oonstmction;  but  apart  from  some  acqnaintance  with  the  nature  of 
sidereal  eonstmction,  it  is  diiAcnlt,  if  not  impossible,  of  attainment 
One  in  fact  pre-snpposes  the  other.  To  separate  a  common  element  of 
motion  from  the  heterogeneous  shiftings  upon  the  sphere  of  3,000  or 
4,000  stars  is  a  task  practicable  only  under  certain  conditions.  To  be- 
gin with,  the  proper  motions  investigated  must  be  established  with 
general  exactitude.  The  errors  inevitably  affecting  them  must  be  such 
as  pretty  nearly,  in  the  total  upshot,  to  neutralize  one  another.  For 
should  they  run  mainly  in  one  direction,  the  result  will  be  falsified  in 
a  degree  enormously  disproportionate  to  their  magnitude.  The  adop- 
tion, fi>r  instance,  of  a  system  of  de(;linations  as  much  as  1"  of  arc 
astray,  might  displace  to  the  extent  of  10^  north  or  south  the  point 
fixed  npon  as  the  apex  ot  the  sun's  way  (see  L.  Boss,  Astr.  Jour.^  No. 
213).  Risks  on  this  score,  however,  will  become  less  formidable  with 
the  further  advance  of  practical  astronomy  along  a  track  definable  as 
an  asymptote  to  the  curve  of  ideal  perfection. 

Besides  this  obstacle  to  be  ov(Tcome,  there  is  another  which  it  will 
soon  be  possible  to  evade.  Hitherto,  inquiries  into  the  solar  movement 
have  been  hampered  by  the  necessity  for  preliminary  assumptions  of 
some  kind  as  to  the  relative  distances  of  classes  of  stars.  But  all  such 
a;^snrnption8,  especially  when  applied  to  selected  lists,  are  highly  inse- 
cure; and  any  fabric  reared  upon  them  must  be  considere<l  to  stand 
upon  treacherous  ground.  Tlie  ^]>e<  trographic  method,  however,  hero 
iortmmtely  eonics  into  play.      Troper  motions"  are  only  angiUar  veloci- 

•Vt9Bx  2fatur$,  October  15, 1881,  YoLxuv,  pp.  oT2hm, 

109 

Digitized  by  Google 


110 


THE  sun's  motion  IN  SPACE. 


ties.  They  tell  iiothiu^  as  to  tbe  value  of  tlie  perspective  element  thegr 
may  be  supposed  to  include,  or  as  the  real  rate  of  going  of  the  bodies  they 
are  attributed  to,  until  the  size  of  the  spliere  upon  which  they  are  meas- 
ured has  been  otiierwise  ascertained.  But  tlie  (lis])lacemeuts  of  lines 
in  stellar  spectra  give  directly  the  actual  velocities  relative  to  the  earth 
of  the  observed  stars.  Tlie  question  of  their  distances  is  therefore  at 
once  eliminated.  Now,  the  radial  component  of  stellar  motion  is  mixed, 
up  precisely  in  the  same  way  as  the  tangential  component  with  the 
solar  luovemeTit;  and  wince  complete  knowled'ic  of  it  in  a  siitlicient 
number  of  cases  is  rai)i(lly  lu'ctmiiii^  iMJcessible,  while  kiiowlcdijc  of 
tangential  velocity  Tinist  for  a  loii^  tinie  remain  partial  or  uncertain,  the 
advantajje  of  replacing  the  discussion  of  proper  motions  by  that  of 
motions  in  line  of  sijiiit  is  obvious  and  immediate.  And  the  admiralde 
work  carried  (m  at  Potsdam  during  the  last  three  years  will  soon  attonl 
the  means  of  doing  so  in  the  first,  if  onlj'  a  preliminary,  investigation 
of  the  solar  translation  based  upon  measurements  of  photographed 
stellar  spectra. 

The  ditticulties,  then,  caused  either  by  inaccuracies  in  star  catalogues 
or  by  ignorance  of  star  distances,  may  l)e  overcome;  but  there  is  a 
third,  impossible  at  jiresent  to  be  surmounted,  and  not  without  misgiv- 
ing to  be  passed  by.  All  inquiries  upon  the  snl)ject  of  the  advance  of 
oar  system  through  space  start  with  a  liypotiiesis  most  unlikely  to  be 
true.  The  method  uniformly  adopted  in  them — and  no  other  is  avail- 
able—is  to  treat  the  inherent  motions  of  the  stars  (their  so-called  motus 
pecidiaren)  as  pursued  indifferently  in  all  directions.  The  steady  drift 
extricable  from  them  by  rules  founded  upon  the  science  of  probabili- 
ties is  presumed  to  be  solar  motion  visually  transferred  to  them  in  pro- 
portions varyiug  with  their  remoteness  in  space  and  their  situations  on 
the  sphere.  If  this  itresumption  be  in  any  degree  baseless,  the  result 
of  the  inquiry  is  pro  Umto  ^sified.  Unless  the  deviations  from  the 
paraUaetie  line  of  the  stellar  motions  balance  (me  another  on  the  whole, 
their  discussion  may  easily  be  as  fhiitless  as  that  of  observations 
tainted  with  systematic  errors.  It  is  scarcely  however  doubtftil  that 
law,  and  not  chance,  governs  the  sidereal  levolntions.  The  point  open 
to  question  is  whether  the  workings  of  law  may  not  be  so  exceedingly 
intricate  as  to  produce  a  grand  sum  total  of  results  whioh,  from  the  geo- 
metrical side,  may  Justifiably  be  regarded  as  casual. 

The  search  for  evidence  of  a  general  plan  in  the  wanderings  of  the 
stars  over  the  face  of  the  sky  has  so  far  proved  fruitless  Local  con- 
cert cau  be  traced,  but  no  widely-difhised  preference  for  one  direction 
over  any  other  makes  itself  definitely  felt.  Some  regard,  nevertheless, 
must  be  paid  by  them  to  the  plane  of  the  Milky  Way;  since  it  is  alto- 
gether incredible  that  the  actual  construction  of  the  heavens  is  with- 
out dependence  upon  the  method  of  their  revolutions. 

The  apparent  anomaly  vanishes  upon  the  consideration  of  the  pro- 
fundities of  space  and  time  in  which  the  fundamental  design  of  the 
sidereal  universe  lies  buried.   Its  comnosition  out  of  an  indefinite 
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number  of  partial  systems  is  more  than  probable;  but  the  inconceiva- 
ble letsureliDeBS  vith  which  their  mutual  relations  develop  renders  the 
harmony  of  those  relations  inappreciable  by  short-lived  terrestrial 
denizens.  Proper  motions,''  if  this  be  so,  are  of  a  subordinate  kind; 
they  are  indexes  simply  to  the  mechanism  of  particolar  aggregations, 
and  have  no  definable  connection  with  the  mechanism  of  the  whole. 
Ko  considerable  error  may  then  be  involved  in  treating  them,  for  piir< 
poses  of  ctdcolation,  as  indifferently  directed;  and  the  elicited  solar 
movement  may  genuinely  r^reeent  the  displacement  of  our  system  rela- 
tive to  its  more  immediate  stellar  environment.  This  is  perhaps  the  ut- 
most to  be  hoped  for  until  sidereal  astronomy  has  reached  another  sta- 
diom  of  progress,  unless,  indeed,  effect  should  be  given  to  Clerk  Max- 
well's suggestion  for  deriving  the  absolute  longitude  of  the  solar  apex 
from  observations  of  the  eclipses  of  Jupiter's  satellites  {Proe.  Raif,  8oe^ 
vol.  xxXy  p.  109).  But  this  is  far  from  likely.  In  the  first  place,  the 
revolutions  of  the  Jovian  system  can  not  be  predicted  with  anything 
like  the  required  accuracy.  In  the  second  place^  there  is  no  certainty 
that  the  postulated  phenomena  have  any  real  existenoa  If  however 
it  be  safe  to  assume  that  the  solar  system,  cutting  its  way  through 
space,  virtually  raises  an  sBtherial  counter-current,  and  if  it  be  farther 
ip:anted  that  light  travels  faster  with  than  against  such  a  current,  then 
indeed  it  becomes  speculatively  possibles  through  slight  alternate  accel- 
erations and  retardations  of  eclipses  taking  place,  respectively,  ahead 
of  and  in  the  wake  of  the  sun^  to  determine  his  absolute  path  in  space 
as  projected  u|K>n  the  ecliptic.  That  is  to  say,  the  longitude  of  the 
apex  could  be  deduced  together  with  the  resolved  part  of  the  solar 
velocity:  the  latitude  of  the  apex,  as  well  as  the  comi>onent  of  velocity 
perpendicular  totheplaneof  the  '(liptic,  remaining  however  unknown. 

The  beaten  track,  meanwhile,  has  conducted  two  recent  inquirers  to 
reeults  of  some  interest.  The  chief  aim  of  each  was  the  detection  of 
systematic  peculiarities  in  the  motions  of  stellar  assemblages  after  the 
subtraction  from  them  of  their  common  perspective  element.  By  vary- 
ing the  materials  and  method  ol  nualysis,  Prof,  Lewis  7*»()ss,  director  of 
the  Alb'.niy  Observatory,  lio]***-^  ^'"'^  corrcspoiMling  variations  in  the 
upshot  may  betray  a  sigiiilicant  rharacter.  Thus,  if  stars  selected  on 
different  prinf'i]>les  give  n<»tal)ly  an<l  consistently  different  results,  tlie 
cause  of  the  ditlerence  may,  with  some  show  of  reawou,  be  supposed  to 
r<*side  in  s])eeialties  of  movement  apperta,ining  to  the  several  groups. 
Prof.  Boss  l)i()ke  ground  in  tliis  dirrcti<m  by  investigating  2H4  j)roper 
motions,  few  of  which  had  Ihm'h  sifmlarly  emjdoyed  l)ef()re  {Astr.  Jour.j 
"So.  213).  They  were  all  takcii  liom  an  ef^uatorial  z<»ne  4=^  'JO'  in  breadth, 
with  a  mean  declination  of  +.i  \  observed  at  Albany  for  the  catalogue 
of  the  AistroHomisriw  <ics('ll.srli(tn,  and  furnished  data  accord inirly  for 
a  virtually  independent  research  of  a  souicwiiat  distinctive  kind.  It 
was  carried  out  to  three  separate  conclusions.  Betting  aside  five  stars 
with  beeuliix  movemeuti}  ranging  above  1(KP,  Prof.  Boss  divided  the 
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270  left  available  into  two  sets, — one  of  135  stars  brighter,  the  other  of 
144  .stars  fainter,  than  the  eighth  niaguitude.  The  flrsr  <  nlleetioii  gave 
for  th(^  goal  of  sohir  translation  a  point  abtmt  4  north  of  (x  Lyru',  in  K. 
A.  2S(i Deel.  +43°;  the  sm»nd,  our  Mn\w  thirty  s*  vrii  niiimtes  4jf 
time  to  the  west  of  6  Oygui,  in  K.  A.  i^so  \  \  Wx'\.  -f-  45^.  l  or  a  rhii-d 
and  final  solution,  tw^euty-six  stars  moving  were  rejected,  and 

the  remaining  253  class<Hl  in  a  single  series.  Tlir  ui»sli(»fc  of  their  dis- 
cussion was  to  shift  tlie  apex  »»f  movement  to  W.  A.  I'sy  ,  Docl.  -|-  ol'^. 
So  far  as  the  dirterence  from  the  previous  pair  of  results  is  <'ai)€'ible  of 
interi)rctation,  it  would  seem  to  imidy  a  prechnuinant  set  towards  the 
northeast  of  the  twenty-six  swifter  motions  subsequently  dismissed  ti8 
prejudicial,  but  in  truth  the  data  employed  were  not  accurate  enoagh 
to  warrant  so  definite  an  inference  llie  Albany  proper  motions,  as 
Pro!  Boss  was  careflil  to  explain,  depend  for  the  most  part  upon  the 
right  asoeDsions  of  BessePft  and  Lalande^s  zones,  and  are  hence  sabject 
to  large  errors.  Their  study  mnst  be  regarded  as  suggestive  rather 
than  dedsive. 

A  better  quality  and  a  larger  quantity  of  material  was  disposed  of 
by  the  latest  and  perhaps  the  most  laborious  investigator  of  this  intri- 
cate problem.  M.  Oscar  Stumpe,  of  Bonn  {A9W  Naek,,  Nos.  2990,  aooi)), 
took  his  stars,  to  the  number  of  1,054,  firom  various  quarters,  if  chiefly 
trom  Auwers's  and  Argelander's  lists,  critically  testing,  however,  the 
movement  attributed  to  eaeh  of  not  less  than  16"  a  century.  This  he 
fixed  as  the  limit  of  secure  determination,  unless  for  stars  observed  with 
exceptional  constancy  and  care.  His  discussion  of  them  is  instructive 
in  more  ways  than  one.  Adopting  Schonfeld's  modification  of  Airy's 
formula),  (the  additional  computative  burden  im]K>sed  by  it  notwith- 
standing,) he  introduced  into  his  equations  a  fifth  unknown  quantity 
expressive  of  a  iMtssible  stellar  drift  in  galactic  longitude.  A  negative 
result  was  obtained.  Ko  symptom  came  to  light  of  ^< rotation"  in  the 
plane  of  the  Milky  Way. 

M.  Stumpers  intrepid  industry  was  Airther  shown  in  his  disregard 
of  customary  scamping''  subterfuges.  Expedients  for  abbreviation 
vainly  spread  their  aUurenients;  everyone  of  his  2,14)8  equations  was 
sepMi  ately  and  resolutely  solved.  A  more  imiwrtant  innovation  was 
his  substitution  of  proper  motion  for  magnitude  as  a  criterion  of  re- 
moteness. Dividing  his  stiirs  on  tliis  jirinciple  into  four  groups,  he 
obtained  an  apex  for  the  sun's  translation  corresponding  to  each  as 
follows: 
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H«Fe  again  we  find  a  markod  aud  progressive  deseeut  of  the  apex 
toward  the  equator  with  the  increasing  swiftness  of  tlie  objects  serv- 
ing for  its  determination,  leading  to  the  suspicion  that  the  most  north- 
erly niity  li(  the  most  genuine  position)  because  the  one  least  affected 
by  stellar  indiyidualities  of  movement.  By  nearly  all  recent  investi- 
gations, moreover,  the  solar  jw>»wi  de  mire  ha.s  been  placed  oonsiderably 
farther  to  the  east  and  nearer  to  tlie  Milky  Way  than  seemed  admis- 
eiblc  to  their  predecessors;  so  that  the  constcllafioii  liyra  may  now  be 
said  to  liave  a  stronger  claim  than  ITercules  to  inchide  it;  and  the  ne- 
cesaity  has  almost  disn])]>eared  for  attributing  to  the  solar  orbit  a  high 
inclination  to  the  medial  gahictic  plane. 

From  both  the  Albany  and  the  Bonn  discussions  there  emergeil  with 
singular  clearness  a  highly  significant  relation.  The  mean  magnitudes 
of  the  two  groups  into  which  Prof.  Boss  divided  his  270  stars  were  re- 
spectively 0.6  and  8.(>,the  corresponding:  mean  proper  motions  21.9"  and 
20.!l".  In  othei-  words,  a  set  of  stars  on  the  whole  six  times  brighter  than 
nnothor  sot  owned  a  scaiccly  larger  sum  total  of  apparent  displacement. 
And  that  this  approximate  equality  of  movement  really  denoted  ;»p]>ro\- 
iniate  e(Mi;ility  of  meiin  distance  was  made  manifest  by  the  further  cir- 
cunistance  that  the  secular  Jonrnev  <»f  tliesnn  ])roved  to  subtend  nearly 
the  same  an ^h'  whicliever  of  the  groups  was  made  the  standpoint  for 
its  survey,  ludt  *  (I,  the  fainter  (collection  actually  gave  the  larger  angle 
(13,73"  as  against  lii..il)'  '),and  so  far  an  indication  that  the  stars  ronipr>s- 
ing  it  were,  on  an  average,  nearer  to  the  earth  than  the  much  brighter 
ones  eonsidere<l  apart. 

A  result  similar  in  eharaeter  was  reached  by  M.  tStunipe.  Between 
the  mobility  of  his  star  groui^s,  and  the  values  derived  fr<»ni  them  for 
the  angular  mov  ement  of  the  sun,  the  coriformity  prov<  d  so  close  as 
materhilly  to  strengthen  the  inference  that  apparent  nioventent  meas- 
nn»s  real  distance.  The  mean  brilliancy  of  his  cla8Miiie4l  stars  seemed, 
un  the  contrary,  (juite  indepeinlent  of  their  mobility.  Indetnl,  its 
changes  tended  in  an  opposit^Mlirection.  The  mean  magnitude  of  the 
slowest  group  was  6,  of  the  swiftest  of  the  intermediate  pair  0.7 
ami  0.1.  And  these  are  not  isolated  facts.  Comparisons  of  the  same 
knid,  and  lea<ling  to  identical  conclusions,  were  made  by  Prof.  East- 
Hiau  at  Washington  in  1889.  {Phil.  Soc.  Wash,  Bulletin^  vol.  xi,  p.  143  j 
PnpceedingH  Amer.  Association^  1880,  p.  71.) 

What  meaning  can  we  attribute  to  them  t  Uncritically  considered, 
they  seem  to  assert  two  things,  one  reasonable,  the  other  palpably  ab- 
sard«  The  first—that  the  average  angular  velocity  of  the  stars  varies 
inversely  with  their  distance  Irom  ourselves— few  will  be  disposed  to 
doubt;  the  second — that  their  average  apparent  luster  has  nothing  to 
do  with  greater  or  less  remoteness — ^few  will  be  disposed  to  admit. 
But,  in  order  to  interpret  truly  well-ascertained  if  nnexpecrted  relation- 
ships, we  must  remember  that  the  sensibly  moving  Ktars  used  to  deter- 
mine the  solar  translation  are  chosen  from  a  multitude  sensibly  fixed, 
H.  Mis.  d34,  pt  1  8 
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and  that  the  proportiou  of  stationary  to  traveling  stars  rises  rapidly 
with  descent  down  the  scale  of  magnitude.  Hence  a  mean  struck  id 
disregard  of  the  zeros  is  totally  uiisleadingy  while  the  account  is  no 
sooner  made  exhaustive  than  its  anomalous  character  becomes  largely 
modified.  Yet  it  does  not  wholly  disappear.  There  la  some  warrant 
for  it  in  nature.  And  its  warrant  may  iierhaps  consist  in  a  preponder- 
ance, among  suns  endowed  with  high  physical  speed,  of  small,  or 
sliglitly  luminous,  over  powerfully  radiative  bodies.  Why  this  slioiild 
be  so  it  wonld  be  futile,  even  by  conjecture,  to  attempt  to  explain. 
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On  Taesdny,  August  21, 1888,  the  TTnion  steamship  Mexican  crossed 
the  line  ontward  bouud  for  the  cape,  and  a  certun  proportion  of  her 
psaaengersy  amongst  whom  -was  the  present  writer,  found  themselves 
for  the  first  time  in  the  southern  hemisphere.  A  few  uiglits  later,  halt 
an  honi's  darkness  before  moonrise  gave  time  for  a  splendid  display  of 
unfamiliar  stars.  The  Sonthem  Cross  lay  prone- toward  the  west; 
Alpha  and  Beta  Centanri  shone  trinmphautJy  above  it;  Achernar  was 
climbing  the  sky  on  the  other  side  of  a  pole  singatoly  denuded  of 
bright  companionship;  the  Incid'streams  and  knots  of  the  Milky  Way 
were  reflected  in  a  pearly  shimmer  from  gently  heaving  waves,  the 
Tvilliant  effect  of  the  entire  sidereal  landscape  being  enhanced  by  the 
presence  of  Jnpiter  and  Mars  close  together  in  Scorpio,  while  the  dim 
oone  of  the  Zodiacal  Lights  tapering  upward  from  the  sun^s  place,  faded 
mit  above  them  on  the  black  background  of  the  sky. 

The  "four  stars," 

Non  vlste  mal  faw  eV  alia  prima  geate, 
appealed  to  mediteval  imagination  as  a  iqrmbol  and  a  prophecy  of  the 
uplifting  of  the  Gross  in  the  waste  places  of  the  earth.  Modem  trav- 
ellers regard  them  from  a  more  prosaic  point  of  view,  and  are  apt  to  be 
^«  disappointed"  at  their  unequal  luster  and  slightly  unsymmetrical 
arrangement.  The  ilrmament  they  help  to  adorn,  however,  is  of  a 
splendor  at  first  sight  absolutely  startling,  and  at  all  times  peculiarly 
saggestive.  The  dullest  mind  can  hardly  fail  to  be  roused  to  wonder 
by  the  appearance  of  the  galaxy  as  it  extends  past  Sirius  amidst  the 
grand  procession  of  the  stars  in  Argo,  or  where  the  great  rift  in  its 
sbroctore  spans  the  heavens  from  the  Centaur  to  the  Swan.  The  intri- 
csey  of  its  branches,  the  curdled  texture  of  its  surfiMse,  the  stupendous 
colleetiou  of  distant  suna^  almost  palpably  rounded  out  from  the  void 
of  space  in  Sagittarius;  the  abrupt  vacuil^^  of  the  Coalsaok,"  recall- 
hig  the  dark  lanes"  tunneling  certain  nebulsB  and  star  dusters,  invite, 
oidy  to  baffle,  speculations,  which  the  tempting  analogues  presented  by 
the  never-setting  Mai^ellanic  Clouds,  with  their  mixed  contents  of  stars 
and  neboltty  help  frurther  to  stimulate. 

*VT0m  Tk0  Comtemporary  Hevicw,  Mnrch,  188i>,  Vul,  iv,  pp.  380-3&2< 
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What  is  the  Milky  Way!  ^  may  be  called  the  question  of  qnestio&B 
for  future  aiitronoiiiers;  but  it  has  only  of  late  been  brought  to  some 
extent  within  the  range  of  available  methods.  More  feasible  aims 
prompted  the  foundation  of  southern  observatories.  English  official 
astronomy  in  particular  took  its  rise  directly  from  the  reqiurements  of 
English  seamen.  Flamsteed  vrw  commissioned  to  determine  the  places 
of  the  stars,  not  because  any  speculative  interest  attached  to  them, 
but  simply  in  order  that  they  might  serve  for  divisions  (as  it  were;  of 
the  great  dial  plate  of  the  heavens,  npon  which  the  moon  marked 
Greenwich  time^  and  might  hence  be  got  to  tell  the  longitude  in  every 
part  of  the  world. 

But  English  astronomy  was  Incomplete,  even  from  a  strictly  uti1ita> 
rian  point  of  view,  so  long  as  it  fhiled  to  embrace  the  whole  of  the 
celestial  sphere;  and  in  proportion  as  England's  colonial  empire  be- 
came consolidated,  the  need  of  a  supplementary  establishment  ho  that 
at  Greenwich  was  rendered  more  and  more  imperative. 

In  the  choice  of  its  sitnatioa,  there  was  scarcely  room  for  a  doubt. 
The  Gai>e  of  Good  Hope  was  already  distinguished  as  the  scene  of 
LacaiUe's  labors  in  1851-'52;  and  these  furnished  the  virtual  starting- 
point  of  austral  astronomy.  As  their  result,  10,(K)0  Koathem  stars  and 
forty-two  uebutie  were^known  at  the  beginning  of  this  centur}'';  aitd  an 
indication  of  a  somewhat  anomalous  character  (yet  the  only  one  of  any 
kind  at  hand)  had  been  procured  regarding;  the  lignre  of  our  j^lobe 
south  of  the  equator.  It  seemed  to  show  that  the  earth  bulged  the 
wrong  way, — in  other  words,  was  prolate  instead  of  oblate.  Its  cor- 
rection or  verifieation  was  hence  of  extreme  interest^  and  the  re-nieas- 
urement  of  Lacaille's  arc  of  the  meridian  came  to  be  recognized  as  a 
prime  necessity  of  g(K)detic  science.  By  an  order  in  council,  dated 
Octob<n'  'JOy  1820,  tUv  establishment  of  a  permanent  observatory  at  the 
Cape  was  accordingly  decreed,  and  the  first  royal  astronomer  was  im- 
mediately afterwards  appointed,  in  the  person  of  the  Bev.  Fearon 
Fallows,  of  Bt.  Johns  College,  Cambridge. 

A  Cumbrian  weaver's  son,  he  had  contrived,  wliilc  still  a  boy  work- 
ing at  the  loom,  to  attain  a  notable  prnflcieiicy  in  inatlnMnatics;  and, 
his  talents  attra<*ting  attention,  some  gentlemen  of  the  ncigliborhofxl 
snbserihed  to  procure  him  a  suitable  education.  He  gra<luated  in 
1.S13,  as  tliird  wrarijiler  to  Herschel's  and  Peacock's  tirst  an»l  sreoinl, 
and  was  el"  i  t( d  on  the  earliest  opporttmity  a  fellow  of  his  eoilc^e.  The 
prosperity  and  happiness  of  his  life  culminutcd  when  he  found  himself 
as  His  Majesty's  astronomer  at  the  Cape,  in  a  ])Osition  to  marry  the 
eldest  daughter  of  his  first  ]Mitron,  the  Rev.  Mr.  Hervey,  of  Bridekirk. 

This  liowever  was  the  last  fortunate  event  of  his  life,  Disap])oint- 
ment  and  chagrin  presided  over  the  entire  series  ol  i)oor  Fallows"  ex- 
periences in  South  Africa.  Suspense  through  circundocutory  ])nM  e«'d- 
ings  at  home,  anxiety  due  to  the  misconduct  or  lawlessness  of  (liose 
employed  by  him  in  the  colony,  vexation  indescribable  at  the  (lefecta 
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of  th**  iiiatrument  be  chicrty  relied  uix>n,  personal  illness,  the 
deaths  of  all  tho  children  sutM  Cssively  horn  to  him,  at  last  exhausted 
his  vital  energies,  and  he  died  of  dropsy  supervening^  npon  sunstroke 
and  scarlet  fever,  July  lM.  18r?t ,  at  the  age  of  42.  His  grave  is  in  a  spot 
of  groniid  consecrated  by  liiniself'  within  a  stone's  throw  of  the  broken 
]>ier  of  liis  tra!\sit  instrument;  and  the  syringa  trees  he  planted  now 
lean  their  blossom-laden  branches  toif\  ards  tlie  n]>]>er  windows  of  the 
dwelling  bouse  where  be  might  have  hoped  to  spend  mauy  useful  and 
happy  years. 

But  his  work  at  the  Cape  was  not  thrtiwn  away.  The  buildings  of 
the  new  observatory  were  well  planned  and  solidly  executed;  its  site 
was  judiciously  chosen  on  a  slightly  rising  ground  3  miles  southeast  of 
Cape  Town,  almost  islanded  by  the  convergin;;  sinuosities  of  tlie  Lies- 
beck  and  the  Salt  River.  A  desolate  spoteuougli  it  must  indeed  have 
been  when  Fallows  took  his  tirst  survey  of  it.  AVohes  were  then  still 
common  in  the  neighlxa liood;  the  cries  of  jackals  mingle<l  at  night 
with  the  im  t; I llic  chirping  of  the  i)dpv  frogs:  the  last  Salt  River  hip- 
popotamus h.id,  not  long  lu^fore.  met  an  untimely  deatli  by  drowning 
ill  its  marshes;  the  mole  bun  owed  hillside  was  bare  of  almost  every 
luriu  of  vegetation  stive  a  luxuriant  crop  of  thistles. 

Now  the  smiling  culture  everywhere  appaient  indic^ates  the  neigh- 
borhood of  a  refined  English  home.  The  slopes  are  in  spring  all  abloom 
with  lilies,  a.ster8,and  gladioli,  ilelicately  striped  and  shaded  with  pink 
and  mauve,  or  flaunting  gaudily  in  })urpleand  orange;  Australian  wil- 
lows—the  Cape  substitate  for  labnmams— make  golden  patches  against 
the  dark  foliage  of  thick-groiring  pines  planted  half  a  century  ago  by 
Lady  Hadear  on  the  simple  plan  of  inserting  a  cone  into  every  mole 
hill;  clamps  of  aloes  and  encalyptns  recall  the  vioinity  of  the  tropics; 
a  grove  of  oaks  and  cypresses,  due  to  Prof.  Piazsi  Smyth's  skill  in 
forestry,  brings  memories  of  England;  white  arams,  irrepressible  and 
all-diffiislve,  nestle  round  tree  roots,  strain  npvards  to  the  light  through 
the  midst  of  tall  shrubs  and  hedges,  fling  themselves  in  lavish  proAi- 
aion  amidst  the  lush  grass,  marching  processionally  (bo  to  speak)  or 
halting  in  dense  dusters^  and  making  milky  ways  of  blossom  along 
ev^  marsh  and  meadow.  Here  indeed  are  lilies,  enough  and  to  spare, 
to  sbteWf  ''with  fiill  hands,**  the  graves  of  a  hundred  young  Mareellnses. 

In  suooession  to  the  weaver's  lad  from  Gockermouth,  there  was  ap- 
pointed to  direct  the  new  South  AMcan  observatory  a  solicitor's  clerk 
from  Dundee.  Thomas  Henderson  began,  at  the  age  of  15^  to  de> 
vote  his  leisure  hours  to  astronomy.  His  instinct  however  was  for 
the  mathematical  part  of  the  science;  and  he  had  probably  never  seen 
a  transit  instrument^  or  handled  a  telescope,  until  after  he  came  to  re- 
aide  at  Edinburgh  in  1819.  His  twofold  life  prospered.  In  his  legal 
capacity  he  became  secretary  to  Lord  Advocate  Jeffrey j  his  astro- 
nomical calculations  brouglit  him  to  the  notice  of  Dr.  Thomas  Young, 
Sir  John  Herschel,  Gapt.  Basil  Hall,  and  other  eminent  men.  In  the 
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Bummerof  1829,  Dr.  Voiiug  ffiive  in  » Iiarj^o  to  PvoW  Iti-^aiid  a  lueiiio- 
randum  urging  Uemlerson's  sujx'iior  «iualiti<;atl«>ns  for  the  post  of 
«iiperiut«iideut  of  the  Nautical  Aliiuinac,  vacated  by  his  own  death  a 
lortiiighthiter;  and  the  recouniu'iidation  w  as  doitbtlcss  inHnential  in 
piOCnriDg  for  him  after  three  years  the  ntU'r  of  the  Oape  observatory. 

Aasumiog  the  chief  command  tliere  in  April,  1832,  he  ft<-enmulated 
in  thirto^  months,  a  surprisin^^  nuinber  of  valuable  observations,  still 
In  part  unpublished.  Owo  of  tlie  results  derived  from  them  was  liow 
ftver  of  80  strikin^^a  ciuiracter  as  t4)  attra^'-t  instaiit  and  universal  at- 
tention. It  was  uotliing  less  than  the  first  authentic  determiiiation  of 
the  distance  of  a  fixed  star. 

After  Sirius  and  ('ano])iis.  the  brightest  star  in  the  heavens  is  Alpha 
Centauri.  This  beautitnl  ul)|ect  is  easily  resolved  into  two,— one  fully 
three  times  brighter  than  t lie  other.  And  these  two  cirrulate  round 
each  other,  or  rather  round  t  heir  common  center  of  gravity,  iu  a  period 
of  about  eighty  eight  years.  The  system  thus  forme<l  wn^  discovered 
by  Henderson  Ui  have  an  annual  parallax''  of  Justont'  second  of  arc. 
That  is  to  say,  the  apparent  phu  es  of  the  ('<mipouent  stiirs  as  viewe<l 
from  o])posite  sides  of  the  eaitli's  orbit,  difl'ered,  through  a  familiar 
eftect  of  perspective,  by  tWir  .,  ^>t"  fl'«'  distance  from  the  horizon  to  the 
7.(Miith.  The  more  refined  deti  i  uiinaiions  of  Drs.  Gill  and  Elkin,  while 
establishing  its  reality,  have  since  shown  that  Henderson's  parallax 
was  somewhat  too  largt*.  The  actual  distance  of  Alpha  Centauri  fnmi 
the  earth  is,  in  lunml  numbers,  25,500,000,000  of  miles.  Even  the 
a  therial  vibrations  of  light  occupy  fimr  years  and  four  months  in  span- 
ning this  huge  ii»teival;  yet  Alpha  Centauri  (so  far  as  is  at  present 
known)  is  the  nearest  neighbor  of  our  sun  iu  space. 

The  attractive  power  of  each  of  these  coupled  stars  appears  to  be 
about  (Mjiial;  but  while  one  is  nearly  twi<)e,  the  other  is  only  half  as 
Inminous,  in  proportion  to  the  amount  of  matter  it  contains,  as  our 
(»\vii  sun.  Hence,  according  to  our  present  notions,  the  darker,  more 
(MHideuscd  body  must  be  considerably  more  advanced  on  the  road 
tow  ards  extin(;tion  than  its  brilliant  companion,  and  an  attentive  study 
of  its  sptM  trum  ought  to  give  interesting  results. 

Henderson  returned  to  Europe  in  1833,  unable,  in  the  uncertain  state 
of  his  health,  to  support  the  disoomibrts— long  since  banished  with  the 
wolves  and  jackals— of  a  residence  at  Observatory  Hill.  He  became 
astronomer  royal  for  Scotland  in  1834,  and  died  suddenly  of  heart  dia- 
ease  ten  years  later. 

The  third  astronomer  at  the  Cape,  and  the  first  whose  term  of  activity 
there  was  prolonged  to  a  fitting  conclusion,  was  an  Irishman.  Sir 
Thomas  Maclear  was  bom  at  Newtown  Stewart,  in  County  TjrroneyMaich 
17, 1794.  His  career,  like  those  of  his  predecessors,  swerved  insensibly 
towaids  the  stars.  He  was  a  physician,  practicing  at  Biggleswade, 
iu  Bedfordshire,  whose  astronomical  proclivities  had  been  fostered  by 
the  genial  influence  of  Admiral  Smyth,  when  summoned,  as  one  may 
jwy,  to  the  celestial  charge  of  the  southern  hemisphere. 

Digitized  by  Google 


A  SOdtHEtiN  OhdERVATORV.  119 


The  royal  ob8ervaturi<5»  at  Greeuwioli  aticl  the  Cape  of  Good  Hope 
form  together  an  astrouomical  establishment  such  as  no  other  nation 
besides  our  own  can  boa^t  of  possessing.  It  fitly  represents  the  world- 
witle  dominion  of.which  it  is  the  corollary.  British  empire  on  the  se^ 
led  directly  to  British  empire  over  the  skies,  the  one  gaining  complete- 
ness as  the  inevitable  eonsequenee  of  the  expansion  of  the  other.  South- 
eru  astronomy  seems  tlie  ])roi)('r  aj)pann«ie  of  the  Anglo-Saxon  race. 
Originating  with  llalley'H  expedition  to  St.  Ih'letia  in  1677,  LaeaiileV 
work  at  the  Cajje  formed  the  only  exception  worth  mentioning  to  the 
rule  of  its  prosecntion  ])y  our  lellow  countrymen  on  either  side  ot  the 
Atlantic.  So  far,  indeed,  as  geometrical  astronomy  is  concerned,  it 
would  survive,  without  vital  injury,  tlie  (l(\struction  of  all  re^^nlts  except 
those  obtained  at  (rreenwich  and  the  <','i]>e.  (i(  <  im  [  i  iciil  astronomy  is 
now  however  only  one,  though  the  most  important,  branch  of  the 
science. 

Sir  Thomas  Maclear  proved  an  indefatigable  and  skiilCul  observer. 
He  co-operated  energetically  with  Sir  .iolin  IJerscliel.  whose  mejnorable 
stay  at  Feldhausen,3  miles  from  the  Koyal  Observatory,  coincided  wit  h 
the  first  four  years  of  liis  tenure  of  otiice.  11  (>  re-nicasnred  and  ex- 
tiMided  L;u  aide's  arc,  thereby  not  only  remo\  ing  all  doubl  as  to  the 
contiirmity  to  scientific  prediction  of  the  earth  s  hgure,  but  i)roviding 
an  in\  aluable  groundwork  for  the  survey  of  the  entire  colony,  now  in 
active  course  of  prosecution  by  Maj.  Mon*is,  li.  E.  The  long  list  of 
comets  observed  by  Maclear  includes  Halley's,Donati's,Biela\s,  Buckets 
at  four  returns,  and  the  great  "southern-'  one  of  1843.  He  a<jcumu- 
lated  materials  for  three  star  catalogues,  prepared  tbr  the  press  and 
published  by  his  snccessora,  Mr.  Stooe,  the  present  fiadeUffe  observer, 
and  Dr.  CMll.  And  so  completely  had  his  interests  become  identified 
with  those  of  his  adopted  home  that  he  continued,  after  retiring  from 
the  observatory  in  1870,  to  reside  In  its  vicinity  ^  and  on  his  death; 
J  uly  U,  1870,  was  laid  to  rest  within  its  gronnds.  His  son,  Mr«  George 
Maclear,  retains  charge  of  the  transit  circle  procored  by  his  ikther  in 
1855.  It  is  an  ezaet  coi>y  of  that  erected  by  Sir  George  Airy  at  Green- 
wich. 

Mr.  Stone  was  chief  assistant  at  Greenwich  when  induced  to  accept 
the  appointment  to  the  Cape  by  the  opportunity  it  offered  for  the  prep- 
aration of  an  extensive  star  catalogue,  by  the  comparison  of  which 
with  the  earlier  Madras  and  Brisbane  cat^ognes  something  might  be 
learned  about  the  movements  of  southern  stars.  This  object  was  most 
satisfiMstorily  attained  by  the  publication  of  the  Oape  Catalogue  for 
1880,''  containing  nearly  12,500  accurately  determined  star-places.  By 
a  pure  coincidence,  Dr.  Gould's  simultaneous  work  at  Cordoba  had  the 
same  scope.  Its  brilliant  results  are  familiar  to  all  astroncnners. 

Mr.  Stone  surrendered  the  direction  of  the  observatory,  in  Jnne,  1879, 
to  the  present  royal  astronomer.  Dr.  Gill  is  one  of  a  long  line  of  dis- 
tinguished Aberdonians.  An  astronomer  by  irresistible  impulse,"  he, 
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like  Bessel,  exchanged  lucratiTo  mercantile  pursuits  for  the  compara- 
tively scanty  emolaments  awaiting'  the.  V(>tario8  of  thf  stjirs.  TTie 
^'patinesot'  bright  gold/' with  which  Urania's  treasure  chesta  overflow, 
are  not  of  terrestial  ctoinage. 

Tlie  4listaiiee  of  the  sun  was  tlie  tirst  i)roblem  upon  which  Dr.  Gill 
delivered  a  substantial  attack;  aud  his  solution  of  it  still  remains  the 
bf'st  obtained  by  celestial  trigonometry,  corresi3onding  so  closely  with 
Newcomb's  \  alne  of  the  same  great  nnit,  derived  from  direct  measure- 
ment of  the  velocity  of  light,  as  to  rednce  within  reassuringly  narrow 
limits  the  uneomfortable  margin  of  uncertainty  h'ft  by  the  transits  of 
Venus.  In  the  obsorvations  of  Mars  made  for  this  pnrpose  at  Ascen- 
sion in  1877.*  1)1.  Gill  eniph)yetl  tho  instTiiiiieiit  of  his  predilection, 
caUed — on  the  lumsh  non  Incrndo  ]»riiici]>lt' — a  heliometer." 

A  ht'li(»nietei'  is  a  telescope  at  which  the  object  <^]ass  lias  been  sawn 
in  two.  This  does  not  sound  like,  nor  would  it  be,  an  iiiiproviMiient  for 
puriK)8es  of  simple  star-fiazin;^;  but  the  end  in  view  is  different.  !r  is 
that  of  precisely  determining  the  angular  distances  betweeii  adjacent 
stars,  or  between  a  ])lanet  and  stars  near  it.  tlmngh  in  many  cnses  l>e- 
yond  the  range  of  the  ordinary  micrometer.  The  tbllowiug  is  the  way 
in  which  this  end  is  compassed. 

The  half  lenses  of  the  object  glass  are  8t'i)arable  by  a  very  fine  screw 
motion,  and  they  f<tt  ni  independent  and  separable  images  of  any  obje<;t 
upon  which  the  telescope  is  pointed.  These  images  unite  into  one  wlieu 
the  two  segments  unite  to  complete  one  circle;  as  they  are  made  to 
slide  apart,  tlu'  images  to  sli})  sideways  asuinhM  ,  to  an  extent  which  can 
be  measured  with  the  iiuiinicNr  arcuiacy  by  ex<iuisitely  divided  scales 
read  with  a  powerful  niicroscoi)e.  In  the  actual  i)rocess  ol'  observation, 
the  telescope  is  fixed  upon  a  point  midway  between  the  stars  luider 
scrutiny,  so  that  the  field  of  view  is,  to  begin  with,  empty.  Neither  star 
can-be  seen.  Then  the  segments  of  the  object  glass  are  moved  ojipo- 
sitely  along  a  line  brought  bef<»ehatid  to  agree  with  the  line  of  direc- 
tion between  the  stars,  until  the  more  westerly  (say)  of  the  pair  as 
imaged  by  one  segment,  and  the  more  easterly  as  imaged  by  the  other, 
begin  simultaneously  to  appear,  and  are  at  last  carefully  made  to  coin* 
cide  in  the  middle  of  the  field.  Alter  the  scales-  have  been  read,  the 
motion  is  reversed,  and  a  similar  coincidence  is  brought  about  between 
the  oppositely  corresponding  stars — ^that  is,  between  the  easterly  mem- 
ber of  the  i>air  shown  by  segment  No.  1,  and  the  westerly  member  of 
the  paur  shown  by  segment  Ko.  2.  The  total  distance  traversed  is,  of 
course,  equal  to  twice  the  distance  between  the  stars. 

The  refinements,  however  (which  can  not  here  be  explained),  attend- 
ant upon  these  operations  are  what  make  their  resnlts  valuable,  and 
the  process  of  educing  them  laborious.  With  the  Copernican  ^<tri- 
quetram''  the  metisured  apparent  intervals  between  any  two  of  the 

*  For  a  pi)|>nlftr  aoconnt  of  tho  expedition,  see  Mm.  Giirfl  charming  "  Six  Months  hi 
Aseeiwion."  Mnrmy.  8«coiul  editi<in.  1990. 
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lio;iveuly  bodicH  <*nuM  IxMU'iu'iKlrd  upon  to  within  ten  niiiiiitc's;  witli 
tlM'  new  Kepsold  helionieter  tli»*  ciior  ol'  ;i  sinfxli!  observsitiou  less 
than  one-tenth  of  a  swondof  arc.  S( » tliat  acc  uracy  has  been  increased, 
in  the  conrsp  of  three  and  a  halt  centuries,  sonic  six  tli<niHanr(  times. 
At  what  cost  of  iiMtK  iice  and  ex])cnditure  of  the  ninntf  d  moincntsof 
individnal  human  lives,  as  the  fruit  of  what  illunimarions  dl  genius, 
throes  of  invention,  failures,  and  disappointments  in  some  (]uarters, 
compensatory  triumphs  in  others,  can  never  riglitly  be  told.  The  prog- 
ress achicv<'d  was  by  "leaps  and  bounds;"  it  must  heiicoforth  be  by 
slow  and  i)ainlul  foot  lengths,  as  the  limit  of  iwssible  a<!cura<!y  is  brought 
inii>erceptibly  nearer.  It  is  not  likely  that  the  astronomical  data  of 
tlaee  and  a  half  centuries  hence  will  be  six  thousand  times  more  ac- 
curate than  those  at  our  disposal. 

Tiic  heliometer  is,  of  all  others,  the  instrument  best  id  iptctl  for  the 
work  (exceedingly  simple  in  principle,  yet  deKcate  to  au  almost  incon- 
cei\  abli'  degree  in  the  details  of  its  execution)  of  determining  stidlar 
parallaxes.  The  diameter  of  the  earth's  orbit  aftbrds  a  l>ase  line 
186,000  miles  in  length,  from  opposite  extremities  of  which — that  is, 
at  opi>osite  Beasons  of  the  year — ^the  distances  between  the  object  to 
be  examined  and  two  comparison  staro"  are  measured.  TbeinflniteB- 
imal  alternate  shift  of  tlie  star  nearest  the  earth,  to  and  from  those  with 
which  it  is  compared  (assumed  with  little  risk  of  error,  to  be  indefi- 
nitely remote)  is  called  its  "  parallax."  From  its  angular  amount  the 
distukce  in  miles  of  the  star  from  the  earth  can  be  at  once  derived. 

The  minuteness  of  this  little  parallaotic  see-saw  is  difficult  to  be  real- 
ized by  those  unpraeticed  iu  such  matters.  A  displacement  of  one  sec- 
ond on  the  sphere  is  equivalent  to  a  shifting  across  the  width  of  a 
human  hair  placed  70  feet  from  the  eye.  But  no  known  star  has  so 
large  a  parallax  as  one  second,  which  is  as  much  as  to  say  that  no 
known  star  is  so  near  to  us  as  200,000  times  the  distance  of  the  sun. 
Positive  results  might,  under  these  circumstances,  well  have  been  de- 
spaired of;  yet  they  have,  in  a  number  of  eases,  been  attained,  and 
ibrm  the  surest  groundwork  so  fiir  provided  for  investigations  into  the 
mechanism  of  the  skies. 

Dr.  Gill's  observations  for  stellar  parallax  were  begun  at  the  Cape 
July  5, 1881,  with  the  Dunecht  heliometer,  of  which  he  had  become  the 
possessor  by  private  purchase  from  the  Earl  of  Crawford.  He  had  as  a 
coadjutor  Dr.  W.  L.  Elkin,  who  is  now  in  very  effective  charge,  at  Yale 
College,  of  the  only  heliometer  yet  erected  on  any  part  of  the  American 
oouttnentw  ^iue  stars  in  all  were  measured,  of  which  two  gave  no  in- 
dications of  possessing  any  sensible  parallax.  Both,  remarkably  enough, 
are  brilliant  stars  of  the  first  magnitud(^ — ( 'anopus  and  Beta  Oentauri — 
which,  to  shine  as  they  do,  from  unfathomable  depths  of  space,  must  be 
objects  of  astounding  splendor.  (/anoi)us,  especially,  can  not  emit  less, 
and  may  emit  a  great  deal  more,  than  Mteen  hundred  times  the  light 
of  oiu*  sun,  unless,  indeed,  Dt,  Elkin's  comparison  stars"  should  turn 
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out  to  be  pbysically  connected^  c<)U8e<j[iieutIy,  at  nearly  the  same  dis- 
tance from  ourselves  with  the  jjfiant  luminary  they  attend.  This  doubt 
will  eiiortly  hv  net  at  re^t  by  Dr.  Gill's  meaaures,  now  being  carried  oat 
vith  a  difterent  pair  of  stars. 

Sirius  was  shown  by  the  observations  of  1881-^83  to  be  at  a  distance 
such  that  its  light  occupies  nearly  nine  years  in  reaching  us.  Its  real 
brightness  is  that  of  sixty- three  suns,  while  it  attracts  the  semi-obscure 
body  circulating  round  it  in  forty-nine  j  ears,  with  no  more  than  thrice 
the  solar  jwwer.  This  extraordinary  luster  relative  to  mass  seems  to 
belong  to  all  stars  of  the  Sirian  pattern  ns  to  spectrniii,  and  is  due  most 
likely  in  part  to  their  e  levated  temperatures,  in  part  to  the  scantiness 
of  their  vaiwrons  smTouiHliii  srs. 

The  success  of  the  Cap<'  iuvcstij^ations  in  this  ditiicult  branch  of  as- 
tronomy invited  their  continuation  on  a  larger  scale,  and  witii  more 
powerful  instrumental  means.  The  Government  was  accordingly  in- 
duced to  sanction  tlie  const  ructiou,  by  Messrs.  ■R«'|»sold  of  Hamburg, 
of  a  new  heliometer  <»f  above  7  incites  aperture,  moujit«'(l  last  year  in  a 
building  erected  for  its  reception  on  the  summit  of  the  sunny  sk)p«'s 
Observatory  Hill.  Thehrst  view  of  this  great  star-measuring  machine 
has,  it  must  be  admitted,  a  somewluit  bew  ilderin:;  etleet  upon  the  un- 
initiated oiil(M»ker.  The  eye  end  literally  bristles  with  steel  rods,  lian- 
dles,  and  screw  heads,  almost;  as  numerous  as  the  stops  of  an  organ, 
and  re(juiring  no  less  skill  and  Undwled^^v  for  their  ])roper  use.  The 
revolving  "  heiul''  is  armed  witli  a  stiange  looking,  radiated  head  gear, 
like  the  sails  uf  a  wiuduiiil,  or  a  nimbus  of  tin  sectors  surviving  from  a 
barbarous  age. 

Everything  here  has  however  a  definite  purpose.  These  surprising 
"flappers"  are,  in  fact,  screens  of  wire  gauze  of  graduate<l  closeness, 
use<l  for  equalizing  the  brightness  of  the  stars  in  the  field  of  view,  and 
so  enabling  the  eye  to  hold  tbe  balance,  as  it  were,  even  between  them. 
The  complex  apparatus  close  to  the  ob«ierver*8  hand  ftimishes  him  with 
the  means  of  easy  control  over  the  whole  of  the  sky  gauging  mechanism 
provided  for  him.  Kone  more  perfect  has  been  devised,  yet  the  study 
of  its    errors''  is  the  indispensable  preliminary  to  its  use. 

Only  the  sublime  end  in  view  could  render  tolerable  the  process  of 
arriving  at  a  complete  theory"  of  such  an  instrument.  The  patient 
laboriousness  so  readily  commended  in  the  heroes  of  sci^ce  costs  more 
than  the  readers  of  their  biographies  are  apt  to  imagine.  Interminable 
readings  of  scale  divisions,  Interminable  castings-up  of  the  columns  of 
decimals  expressing  the  differences  of  the  successive  readings,  are  not 
in  themselves  exciting  occupations.  But  they  must  be  pursued  during 
some  hours  a  day  for  a  whole  year  before  the  ^<  division  errors '^  of  the 
new  heliometer  can  be  regarded  as  completely^boUshed  because  per- 
fectly known.  I^or  is  this  all.  Elaborate  corrections  and  interprrta- 
tions  of  other  kinds  have  to  be  added,  to  say  nothing  of  endless  and 
anxious  precautions  in  the  observations  themselves — ^precautions 
against  personal  and  physiological,  as  well  as  against  atmospheric  and 
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insfTUftieiital,  causes  of  error.  Aiciiracy  is  indeed  arduous:  aud  the 
asti  niioTuer  who  is  not  what  the  old  Kouiaus  used,  in  their  «4raiid  way, 
to  look  dowu  upon  as  a  cumini  neetar,  had  better  leaiti  auother  profe^- 
bion. 

Twenty-seven  stars  iu  the  southern  henusphere  are  now  beiug,  or  are 
about  to  be,  measured  lor  paralhix  with  the  Cape  heliometer.  Their 
fteleeti<»it  was  governed  by  the  ultimate  object  of  gathering  inlbrnuition 
as  to  the  seale  and  plan  of  the  niai  \ellou«  aggregation  of  suns  to  which 
our  suii  belongs,  aiid  aniidst  which  it  is  moviug,  in  an  unknown  orbit, 
to  meet  unknown  destiuies.  For  this  purpose,  facts  of  t  wo  kinds  are 
urgently  needed — facts  relative  to  the  real  distribution,  andfacts  relative 
to  the  real  movements  of  the  stars  in  si)ace.  Dr.  Gill's  opeitvtions,  when 
completed,  can  not  fail  to  bring  important  reinforcements  to  our  present 
small  store  of  eacb. 

Ten  stars  of  tbe  first  magnitade  lie  to  tiie  soath  of  the  celestial  equa- 
tor, of  which  nine  (Alpha  Gentauri  being  already  safely  disposed  of) 
are  In  course  of  measurement  at  intervals  of  six  months.  The  upshot 
wDl  be  to  give  tbe  average  distance  corresponding  to  the  first  order  of 
stellar  brightness  in  tbe  sonthem  bemispbere.  An  analogous  resnlt 
has  lately  been  published  by  Dr.  Elkin  for  the  ten  chief  northern  lumi- 
naries. Their  distance,  '^all  rounds"  proves  to  be  thirty-six  <41ght- 
yeara.''  That  is  to  say,  light  from  their  photospheres  afilects  our  senses 
only  after  our  planet  has  revolved,  on  an  average,  thirty-six  times  in 
its  orbit  round  tbe  sun.  So  that  all  our  knowledge,  even  of  the  stars 
presumably  nearest  to  the  earth,  refers,  in  thisyear  1889,  to  the  <<mean 
epoch  "  1853.  We  shall  learn  presently  whether  tbe  mean  epoch  "  for 
the  southern  bright  stars  corresponds  approximately  to  this  date,  or 
whether  a  marked  disparity  may  countenance  the  surmise  of  our  ecoen- 
trie  situation  in  the  group  of  luminaries  to  which  our  sun  moreespe- 
daOy  belongs. 

Dr.  GilPs  list  includes  five  second  magnitude  stars,  the  annual  per- 
spective disphvcements  of  which  (if  large  enough  to  be  measurable)  will 

give  something  like  a  detinite  scale  of  iucreiisiug  distance  with  de- 
creasing luster.  A  conclusion  will  then  be  feasible  as  to  the  rate  of 
movement  of  the  sim  In  space.  The  elder  Struve  made  it  about  5  miles 
a  second,  but  on  the  supposition  of  tlie  brightest  stars  being  between 
two  and  three  times  nearer  to  us  than  they  seem  really  to  be.  We  <'nn 
now  see  that  the  actual  sjieed  of  the  solar  system  can  scarcely  fall  short 
of  12,  or  exceed  20  miles,  ji  second.  By  a  moderate  estimate,  then,  our 
position  in  space  is  chan;;j;ing  to  tbe  extent  of  500,000,000  of  miles  annu- 
ally, and  a  collision  betwe<'n  our  sun  and  tlie  nearest  fixed  star  would 
be  inevitable  (were  onr  course  directed  in  a  straightline  toward  it)  after 
the  lapse  of  fifty  thousand  years ! 

The  old  problem  of  "  how  the  heavens  njove."  snceessfully  attacked 
in  the  solar  system,  has  retreated  to  a  stronghoki  among  the  stars,  from 
which  it  will  be  diliieuit  (u  dislodge  it.  In  the  stupendous  mechanism 
of  the  sidereal  universe,  the  acting  forces  can  only  betray  themselves  to 
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us  by  the  varyiiifr  timo coiitijjunitioiis  of  its  p;irfs.  But  as  yet  our 
knowlwljjjo  f»f  stellar  rnnvotiu'Tits  is  miserably  sranfy.  They  are  api>ar- 
ently  so  minute  as  to  l>e«-ome  i»erceptible,  in  ;;(iih  i  il,  ouly  through  ob- 
Bervatious  of  j^reat  precision  extending  over  a  iiiimlM  r  of  years.  Even 
the  (|uiekest  iuoving  star  w(mi](1  spend  two  hundred  and  fifty-seven  y«'ai  s 
in  erossin;^  au  arc  of  the  heavens  ecpial  to  the  disc  of  the  full  niouu. 
Yet  all  the  time  (owin^^i:  to  the  irieoiieeivable  <listanees  of  the  objeets  in 
motion)  these  alnu^st  evanescent  displaeementii  represent  velocities  in 
many  cases  so  eiiornious  as  to  baffle  every  attemjtt  to  ac'count  for  them. 
"Rnnaway  stars"  aie  no  longer  of  extreme  rarity.  One  in  the  (ireat 
Beiu',  known  as  ^' ( lroom!)ridp:e,  1830,"  inv  isible  to  the  naked  eye,  but 
sweei»in^  over  at  ieiist  -(M)  miles  each  second,  long  led  the  van  of  stellar 
spee4.1.  Prof.  Pritchard's  ])liotograi>ie  determination  of  the  parallax  of 
/*  Cassiopeia^  shows,  however,  That  inconspicuous  o])iect  not  only  to  l)e 
a  sun  about  forty  times  as  luminous  as  our  own,  but  to  b<'  trave  ling  at 
the  prodigious  rate  of  .{(>U  miles  (while  Dr.  Elkin's  result  for  Arcturus 
gives  it  a  velocity  of  little  less  than  4(>()  nules)  a  second  I 

The  'M'xi)ress"  star  of  the  southern  henjiisphere,  so  far,  is  one  of  the 
fourth  magnitude  situated  in  Toucan.  Its  speed  of  about  200  miles  a 
second  may  however  soon  turn  out  to  be  surpassed  by  some  of  the 
rapidly-moving  stars  picked  ont  for  measuremeut  at  the  Cape.  A mong 
them  are  some  pairs  "drifting''  together,  and  presumed  therefore  to  be 
connected  by  a  special  physical  bond,  and  to  lie  at  nearly  the  same  dis- 
tance from  ourselves.  This  presumption  ivill  now  be  brought  to  the 
test. 

A  remarkable  and  typical  change  has  affecte<l  the  aims  pursued  at 
our  southern  natUmal  observatory  since  Dr.  Gill  assumed  its  direction. 
There  has  been  a  widening  of  purpose  matching  the  widened  scope  of 
astronomical  science  due  to  the  development  of  new  methods.  The 
practical  usefulness  of  the  establishment  was  never  more  conspicuous 
than  at  present.  The  shipping  interests,  railway  service,  and  survey- 
ing operations  of  South  Africa  are  in  immediate  dependence  upon  it. 
The  whole  fi^kbric  of  the  old  astronomy  ^ — so  far  as  one  hemisphere  is 
concerned— is  held  together  by  the  re-determinations  of  ^  fundamental" 
and  "  standard  "  stars  continually  in  progress  at  it.  But  whOe  noth- 
ing of  what  was  previously  held  in  view  has  been  relinquished,  much 
of  incalculable  value  has  been  added.  Above  all,  the  ideal,  or  purely 
intellectual,  side  of  astronomy  has  obtained  recognition,  and  in  a  form 
likely  to  be  memorable  in  the  history  of  the  science. 

The  celestial-photographio  Paris  Congress  of  April,  1887,  might  be 
called  ^<  epoch  making,"  for  this  reason  alone— that  it  marked,  officiaUy 
and  forever,  investigations  into  the  structure  of  the  sidereal  universe 
as  part  of  the  proper  duty  of  astnmtmiers.  These  inquiries,  the  most 
sublime  of  the  physical  kind  with  which  the  mind  of  man  can  be  occu- 
pied, will  not  henceforth  be  abandoned  to  individual  caprice,  to  be 
prosecuted  by  necessarily  inadequate  means,  and  neglected  when  those 
means  (as  they  could  not  fail  to  do)  should  collapse  under  the  sti  ain 
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put  upon  theui.  They  viU  be  parsned  grayely,  Hysteiniitifally,  by  the 
concerted  efforts  of  sneeessiye  generations,  through  the  toil  of  innu- 
merable unpretending  workers  guided  to  effectiveness  by  the  highest 
j[ntelligeuoe  of  the  times.  A  measure  of  success  is,  under  these  I'ircum- 
stances,  certain,  and  even  a  small  measure  of  success  in  this  diroction 
will  suffice  to  broaden  and  deepen  the  channels  of  all  future  human 
thought. 

Honce  the  profound  significance  of  the  decisions  of  the  Puris  CoTifrress, 
by  which  an  international  scIk'HH'  for  j)lioto<rraphically  chartin^^  the 
heavens  and  <'ata]oguin^^  a  larL'"P  ]»'o]H)rtif>Ti  of  flieir  contents  ^vas  set 
on  foot.  Fortunately  lor  its  own  re]>utarion  our  Government,  after 
long  delay,  has  adojitt  d  what  might  have  seemed  th<'  foregone  conclu- 
sion that  a  share  in  this  work  is  Enjudand's  rirrht  and  duty,  and  has  nii- 
thorized  theconstructiouof  the  reqnisifr  instruments  for  Greenwich  unU 
the  Ca|>e.  Belore  another  year  has  elapsed  they  will  be  mounted  in 
their  resjiective  ])ia(  es  and  the  re('o]'<lin<;  jiroi-css,  to  be  carriexl  on  simul- 
taneously at  fourteen  or  lifteen  obser\  atories  in  every  part  of  the  world, 
will  have  begun. 

Meanwhile  Dr.  Gill,  to  wliose  initiatory  cnerory  the  .approaching  reali- 
zHtion  of  this  great  plan  is  due,  has  almost  completed  a  preliminary  task 
ol"  vital  im]X)rtance  to  its  due  accomplishment,  as  well  as  to  sidereal 
science  in  general.  One  of  the  most  famous  achievements  of  recent  as- 
tronomy is  the  ''Bonn  Durchmiaiteruny,  '  a  lisi  ul  .L'  LOOd  stars  from  the 
Korth  Pole  t^<  -  degi'ees  south  of  the  equator,  observe<l  by  Arjrelander 
at  Bonn.  Until  it  was  compiled  tlu*  smaller  stars  were  a  uameh  .NS 
crowd  \^ith  no  recognized  identity.  For  the  purposes  of  science  they 
could  scarcely  be  said  to  exist.   But  once 

Sft  in  nnt(  -lMM)k,  leanuMl  and  coiiucd  l>y  rot«, 

their  changes  could  no  lonj^er  elude  notice;  and  det^ected change  leads 
commonly  to  increased  knowledj^e.  A  solid  foundati<m  was  moreover 
laid  for  the  study  of  sidereal  statistics,  destined,  i>erhapH,  to  lead  to 
momentous  results  at  no  distiint  future. 

An  extension  of  the  Durvkmusterung''  to  the  southern  hemisphere 
was  ctintemplated  from  the  lirst,  but  was  more  easy  to  contemplate 
than  to  execute.  No  southern  observatory  was  in  a  <*ondition  to  nn- 
dcrtake  a  tiisk  so  colossal.  Dr.  Schonfeld,  Argelander's  successor  at 
Bonn,  carried,  however,  the  enumeration  aa  far  as  the  southern  tropic, 
where  it  seemed  likely  to  stop,  when  some  surprising  photographs  of  the 
gnat  comet  of  1882,  projected  on  wide  fields  of  stars,  taken  at  the 
Boyal  Observatory  with  the  help  of  Mr.  AUis,  of  Mowbray,  o^^ened  to 
Dr.  Gill  the  possibility  of  completing  Argelander's  stellar  review  by 
this  relatively  nnlaborions  method.  And  the  possibility  is  rapidly 
being  converted  into  an  accomplished  fact.  Two  assistants,  Mr.  G.  Kay 
Woods  and  Mr.  Sawerthal,  are  employed  every  fine  night  in  expos- 
ing plates  with  instmmentSy  each  (consisting  virtually  of  two  telescoiies, 
one  for  concentrating  upon  the  plates  the  rays  of  the  multitudinous 
stars  within  a  field  of  36  square  degrees,  the  other  for  enabling  the 
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operator  to  kcM^p  them  steadily  there  until  their  self-portraitiire  is 
finished.  The  whole  heavens,  south  of  the  tropic  of  Oaprioom,  will  have 
been  covered  in  dnplicate  by  next  April,  after  which  only  some  sapple- 
mentary  exposures  will  remain  to  be  made. 

Prof.  Kapteyn,  of  Leyden,  is  meanwhile  busy  measuring  the  plates 
suecessivdy  transmitted  to  him  from  the  GapCi  and  the  resulting  cata- 
logue— the  first  derived  from  photographs— will  probably  be  in  the 
hands  of  astronomers  by  the  year  1892,  All  stars  down  to  the  ninth 
magnitude,  and  many  fainter,  will  be  included  in  it  to  the  number  of 
fully  two  hundred  thousand.  This  important  enterprise  is  a  private 
and  personal  one.  The  entire  responsibility  for  it,  financisl  and  other, 
is  borne  by  Dr.  GiU. 

There  m  a  prosjtect  that  before  another  year  has  oinpsed,  the  vexed 
question  of  the  sun's  distance  will  have  been  definitely  set  at  rest. 
The  ininu'<iiate  objects  of  uieasurement  for  the  purpose  with  the 
Cape  helionieter,  in  combination  with  Koine  other  instruments  of  the 
same  chiss  in  (lermany  and  America,  are  three  of  the  minor  plain  ts — 
Iris,  in  October  and  November,  1H88;  Sapplio  aud  Victoria  during  the 
summer  of  The  positi(m  of  the  phin(>t  t)etween  successive  pairs 

of  Jitai  s  distributed  alon«?  its  ])ath  during  the  favorable  perio<l  when  it 
cnlmimites  near  midnight  will  be  determined  simultaneously  from  op- 
posite sides  of  the  ecpiator  according  to  a  UM  tliad  devised  by  Dr.  GiU, 
so  stringent  and  insistent  for  a<  <'nracy  that  tlie  errors  admitted  by  it 
nuist  bo  minnto  iiuleerl.  NN'liilc  <'('lestial  surveyors  have  L*70  asteroids 
at  tlicir  (lis])os;il  to  mark  the  a|)exes  of  tlieir  triaiifr]<*s,  the  loii}^  gaps 
of  time  between  the  transits  of  Venus  need  lie  of  little  coneern  to  them. 

To  describe  the  whole  of  the  tasks  iu  ]'roL^res8  at  tlie  Koyal  Obser- 
vatory— the  cometarv  work  chiefly  in  the  hands  of  ^Ir.  Finlay,  the  tirst 
assistant,  the  lunar,  and  ])lanetarv  ol)servations.  tlie  laborious  t:orrec- 
tions  of  star  places  and  star  motions — W(mld  demand  more  s]>ace  than 
is  nt  our  command.  What  has  here  been  aimed  at  is  nu'rely  t<i  indi- 
(•ate  llie  direetions  in  wliicli  the  activity  of  the  establishment  tends  to 
expand,  and  to  sliow  that  thes**  dirc'ctions  are  representative  of  the 
present,  and  must  be  decisive  as  to  the  future  of  astronomy.  There  is 
room  in<l«'etl,  were  the  material  means  at  hand,  for  further  exj)ansioa. 
lu  the  spectroscopi*'  <lepartment  the  Cape  record  is  still  a  blank.  Yet 
the  wise  outlay  of  a  lew  hundred  pounds  would  suftice  to  set  mi  foot, 
under  exceptionally  fa \orable  circumstances  as  to  climate  and  .situa- 
tion, impiiries  int^)  the  pliysical  < ondition  of  suutheru  stars  of  extreme 
interest  and  inevitable  nece.s.sity. 

There  is  much  to  be  learned,  as  well  as  enjoyed,  from  a  visit  to  the 
( 'ape  Observatory.  Not  only  the  work  done  there,  but  the  manner  iu 
which  it  is  done,  is  impressive.  Lessons  of  earnestness  of  purix).se, 
stability  of  aim,  and  cheerfhl  self-devotion  can  scarcely  be  mitee<l  by 
the  itinerant  lover  of  astronomy,  in  whose  mind  they  will  be  tempered 
and  illuminated  by  reminiscences  of  the  beauty  of  flowers  b>  day  and 
of  the  glory  of  stars  at  night.  , 
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I. — SOME  i»HY8I0Al.  AND  MATHEMATICAL  DATA. 

Many  of  the  terms  employed  in  treating  of  tbe  properties  and  condi- 
tions of  matter  have  in  common  nse  a  somewhat  vagne  meaning.  The 
meaning)  so  far  as  clearly  outlined,  is  also  only  too  often  different  from 
that  which  the  physicist  intends  to  convey.  As  regards  terms  snch  as 
rigidf  solid,  plastic,  viscous,  etc.,  it  seems  to  me  that  even  eminent 
geologists  are  apt  to  be  misled  hy  the  popular  usage,  so  that  they  fall 
into  error  respecting  the  data  which  mathematical  and  physical  science 
places  at  their  disposal.  It  thus  seems  advisable  on  the  present  occa- 
sion to  clear  the  ground  by  brietly  considering  the  seune  atta<;bed  to 
these  terms  by  the  more  exiiet  school  of  physicists.  To  render  the  fol- 
lowing statements  intelligible  it  is  necessary  to  explain  the  meaning 
seienUfically  attiiched  to  the  terms  stress  and  strain.  By  stress  is 
meant  a  force  referred  to  unit  of  area  ot  the  surface  across  which  it 
act«;  by  straiu  the  incre;vse  in  the  distanf^e  between  two  material  points 
divided  by  the  original  distance.  For  instance,  if  a  vertical  bar  n 
square  inches  in  cross  section  fixed  at  the  upper  end,  sustain  a  loa<l  ol" 
t  tons,  and  the  load  be  uniformly  (listribute<l  over  the  cross  section,  the 
longitudinal  stress  is  fw,  taking  the  square  inch  as  unit  of  area  and  the 
wpij^bt  of  1  toil  asunit  of  force.  If  a  portion  of  the  bar  increase  in 
length  from  100  to  100.01  inches,  and  the  increase  be  uniformly  distrib- 
uted (►ver  the  ]>orti()n  lengtUeutid,  the  lougitudinal  t^traiu'is  (100.01^ 
1(»0)X       ^  or  .0001. 

The  writers  who  have  had  most  influence  on  the  present  scientitic 
usage  of  English  terms  dealing  with  i>hysical  properties  are  iiiMiuestion- 
ably  Prof.  Clerk  Maxwell  an<l  Sir  William  Tliomsou.  The  for?ner 
gives  the  following  detiniti(HJs  in  his  Theory  ot"  Heat  t :  body  which 
when  subJec  U'd  to  a  stress  experiences  no  strain  would,  if  it  existed,  be 
called  a  perfectly  rigid  l>ody.    There  are  no  such  bodies.    -  - 

'From  tlit^  L.  E.  U,  i*kU.  Maa.j  beptember  aud  OctolxMr,  1891;  vol.  xxxii,  pp. 
233-252,  and  342-353. 
f  Fifth  edition,  chapter  xxi. 
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**A  body  w1ii<'h  when  sul)i<  ('t('(l  to  a  giv»'n  stress  at  n  ;:rivoii  t<'iii|H'ra 
tiir<'  «'\]><'ri<MiCi',s  a  strain  of  doliiiiti'  aiiionnt,  which  dofs  not  incr<'asf 
whi'nilic  strt*88  is  proloui'iHl,  and  which  diaappt^ais  compietely  when 
the  stie-s  ;^  removed,  iscalh'd  ;i  perfectly  elastic  t)ody." 

*^It' the  tonu  of  the  body  is  found  to  be  pei  nianently  altered  wheu 
the  stress  exceeds  a  certain  value,  the  body  is  said  to  be  soft  or  ]»lasric, 
and  the  8tat4'  of  the  body  when  alteration  is  judt  tfoiu^j  to  take  place 
iscalh'd  the  linut  of  peifect  elasticity." 

If  tlie stress,  M  hen  it  is  maintain«'d  constant, causes  a  strain  -  -  - 
wlm  li  increases  continually  with  the  time,  the  subsiant:e  is  said  to  be 
viscous." 

A  viscous  niatx^rial  maybe  either  solid  or  lluid.  It  is  rejrarded  by 
Maxwell  as  lluid  when  any  stress,  however  sni.ill,  produces  a  constant  ly 
iiu  reasingr  strain.  Maxwell  draws  a  distinction  between  ela.sti(!ity  of 
bulk  and  elasticity  of  shape — the  latter  beinjr  pe4  uliarto  sidids — which 
is  more  fully  treated  of  by  Sir  William  Thomson.  A  botly  poss«»sses 
l>erfect  elasticity  of  bulk  Avhen  on  the  removal  of  the  stress  it  returns 
to  its  original  volume,  even  though  the  form  of  its  surface  be  perma- 
nently altered.  Both  writers  regard  it  as  certain  that  solid  bodies  will 
retain  perfect  elasticity  of  bulk  under  compressive  stresses  which  for 
exceed  the  limit  of  elasticity  of  shape.  The  following  statement  em- 
bodies the  views  of  Sir  W.  Thomson* :  ^*  If  we  reckon  by  the  amount 
of  pressure,  there  is  probably  no  limit  to  the  elasticity  of  bulk  in  the 
direction  of  the  increase  of  pressure  for  any  solid  or  fluid;  but  whether 
continued  augmentation  produces  continued  diminution  of  bulk  toward 
zero  without  limit,  or  whether  for  any  or  every  solid  or  fluid  there  is  a 
limit  toward  which  it  may  be  reduced  in  bulk,  but  smaller  than  which 
no  degree  of  pressure,  however  great,  can  condense  it,  is  a  question 
which  can  not  be  answered  in  the  present  state  of  science." 

MaxweO,  by  denying  the  existence  of  a  perfectly  rigid  body,  main- 
tains that  every  solid  can  sustain  stress  or  transmit  force  only  by  suf- 
fering strain.  Thus,  on  depositing  a  feather  on  the  most  solid  block  of 
iron  we  produce  in  the  iron  a  system  of  strains,  infinitesimally  small  it 
is  true,  but  whose  existence  can  no  more  be  questioned  than  the  exist- 
ence across  the  surface  separating  the  iron  and  the  feather  of  forces 
balancing  the  portion  of  the  feather's  weight  left  uncompensated  by 
the  air  pressure.  The  hypothesis  (pioted  above  from  Sir  W,  Thomson, 
that  there  may  be  a  linnt  beyond  which  no  body  can  be  com])ressed,  is 
not  inconsistent  mth  Maxw  ell's  statement.  The  hyjiothesis  reganls 
the  ratio  of  the  increment  of  strain  to  the  increment  of  pressure  as  ulti 
niately  becoming  inflnitesimallN  small,  but  it  in  no  way  implies  tbat 
this  ratio  ever  becomes  absohitely  zero. 

In  a  solid  bar,  supposed  perfectly  elivstic,  exposed  to  longitudinal 
stress,  the  ratio  of  the  stress  to  the  strain  is  styled  Younj^'s  modulus.  In 
many  materials  Young's  modulus  varies  in  magnitude  according  to  the 

*  Maihematieal  tmd  Ph$tieal  Papen,  vol.  iii,  pp.  7-8. 
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dinsction  in  which  the  axis  of  the  bar  i»  ttikeii.  Thns,  in  ordiutuy 
woodft  there  is  a  marked  dififereuce  between  the  value  of  Young's  mod- 
ulus in  the  direction  of  the  pith  of  tlie  tre<>  and  in  any  perpend iculur 
direction.  Materials  in  wbicli  Young's  mudulus  is  inde])endeiit  of  the 
direction  in  wliieh  the  axis  of  the  exiierimental  bar  is  taken  are  termed 
isotropic;  all  others  arc  trrnuHl  u'olotropie. 

In  an  isotropic  dastic  solid  it  is  snpposeti,  on  the  ordinary  British  or 
biconstant  tiicory,  that  the  vahie  of  Youni^'s  nuNlulus,  E,  alone  M  insuf- 
licietit  to  dctinc  the  ehisti(> jjtrueturef  and  that  some  other  elastic*  con- 
stant  must  be  known.  For  many  pnrixises  the  most  conveuicut  addi- 
tional oonstiiut  is  the  ratio  of  tbehiteral  contnictiou  Ui  the  longitudinal 
extension— each  measured  per  unit  of  leufjfth — in  a  bar  ex])08e<l  to  sim- 
ph;  longitudinal  traction.  For  instance,  if  tlie  diaineter  of  a  Inir  under 
uniform  longitudinal  stress  (jhanjre  fnmi  10  to  l^f>91)7  inches  the  lateral 
contraction  is  0*00003,  and  if  the  longitudinal  strain  be  OHK)01,  the  ratio 
of  lateral  contraction  to  lonj^itudiiial  extension  is  This  ratio  is 

toi  iiu'd  !*oissonV  ratio,  and  is  represented  In-re  Ity 

On  tln'  iniieonstant  tlieoiv  of  i  sot  ropy  ;/ ninst  have  the  vahie  0*25, 
which  eei  Untdy  acconls  weii  with  experiments  on  ;^lass  and  some  of 
tlie  nun  0  common  metals,  especially'  iiou  and  steel  under  certain  con- 
ditions. 

On  the  biconstant  theory  r;  may  liaveany  value  w  ithin  certain  limits. 
The  existence  of  these  limits,  it  nnist  be  admitted,  is  seldom  recog- 
nized, and  experimental  results  are  not  i!)fre(|nently  referred  to  which 
aie  mconsistent  with  the  view  taken  In-re,  \  iz,  that  must  lie  hefween 
0  and  0.5.  If,  however,  ?/  weie  negative  in  any  material  a  cirenlar  bar 
of  this  material,  when  subjeeti-d  to  uniform  longitudinal  tension,  wimld 
increase  in  diametei ;  while  if  /'  were  greater  than  O.o,  the  bar,  when 
fixed  at  one  end  and  subjected  to  atorsicmal  couple  at  the  other,  would 
twist  in  the  op^wsite  direction  to  the  applied  force.  Until  these  jdie- 
nomena  are  shown  to  present  themselves  in  isotropic  materials — and  the 
experimental  \  eriUcation  ought  to  be  easy — it  seems  legitimate  to  sup- 
pose that  when  experimentalists  deduce  values  for  ;/  which  lie  outside 
of  these  limits,  tlieir  exjjeriments  refer  to  bodies  M'hoRe  constitution  is 
diUereut  from  what  is  assumed  in  their  mathematical  calculations. 

The  properties  attributed  to  an  isotropic  elastic  solid  by  the  ordinary 
mathematical  theory  are  as  follows: 

(A)  The  strain  must  be  elastioy  i*  it  must  disappear  on  the  removal 
of  the  stress. 

(B)  The  ratio  of  stress  to  strain  must  be  independent  of  the  magni- 
tude of  the  stress,  or,  in  Prof.  Pearson's  words,  the  stress-strain  rela- 
tion must  be  linear. 

(G)  The  strains  must  be  small. 

(D)  The  Talues  of  Young's  modulus  and  Poisson's  ratio  in  a  bar  of 
the  material  must  be  independent  of  the  direction  in  which  the  axis  of 
the  bar  is  taken. 

H.  Mils.  934,  pt.  1  ^9 
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The  last  property  alouc  dusiiuguishe.s  i  jotropic  troiuieultai  opic  elastic 
solidn. 

(A)  aiisw  iM  s  to  Ma.wvi'ir.sileliiiition,  but  (l?)and  (C)  arc  not  as.snnnMl 
by  Maxwell,  in  other  words,  n  solid  ni;iy  \h'  perfectly  elastie  witlitmt 
showiiij^  a  linear  stress-sti  ain  icliition,  ui-  possibly  even  ;ittci-  the  strains 
have  beeome  larjje.  Thus,  lur  tl»e  sake  of  <  learness.  I  .  hull  rail  Max- 
well's limit  of  perfect  elasticity  the  physit  al  limit,  and  the  liiiiiLs  sup- 
plied by  (13)  and  (C)  tht^  hrst  and  ^ocoud  mathematical  limits  resi>ec- 
tively. 

It  is  not  infrequently  taken  for  f^ranted  that  the  physical  and  the 
first  mathematical  limit  are  necessarily  identical,  t.e.,  that  the  elasticity 
is  certainly  not  perfect  when  the  stress-strain  relation  ceases  to  be 
linear.  According  however  to  some  erpeiimentalista  cast  iron  is  as 
perfectly  elastic  as  any  other  metal  in  the  sense  of  Maxwell's  definition, 
bat  the  stress-strain  relation  for  even  small  strains  is  sensibly  not 
linear.*  This  is,  of  course^  u  question  for  experimentalists  to  decide, 
but  in  any  case  where  their  final  verdict  is,  that  the  stress-strain  rela> 
tion  is  sensibly  not  linear,  the  employ- ment  of  the  ordinary  mathemati- 
cal theory  is  unjustifiable.  It  must  be  admitted  that  the  principle  (<;) 
is  a  very  vagne  one,  leading  to  no  exact  limits  and  that  it  seldom  re- 
ceives any  very  formal  acknowledgment.  It  is,  however,  clearly  rec- 
ognized, and  a  reason  for  it  assigued  in  the  following  statement,  due  to 
Thomson  and  Tai t :  t  The  mathematical  theory  of  elastic  solids  imposes 
no  restrictions  on  the  magnitudes  of  the  stresses  except  in  so  far  as  that 
maikemoHcdl  neeessity  requires  the  strains  to  be  small  enough  to  admit  of 
the  principle  of  super-positiouj*  The  italics  are  mine.  The  meaning  is 
that  the  strains  must  be  small  fractions  whose  squares  are  negligible 
compared  to  themselves.  If  this  principle  be  neglected  and  the  mathe- 
maticAl  equations  be  supposed  to  apply  when  the  strains  are  large,  the 
difficulty  of  giving  them  a  consistent  physical  interpretation  is  very 
great  if  not  wholly  unsormountable. 

In  most  materials  having  any  claim  to  be  regarded  as  elastic  solids 
the  stre^i^s- strain  relation  for  most  ordinary  stress  systems  certainly 
ceases  to  be  linear  while  the  strains  are  still  small.  We  shall  thus  in 
the  meantime  leaver  the  comlition  (C)  out  of  account,  though  we  shall 
have  to  return  t4)  it  in  treating  of  the  so-called  'theories  of  rupture.*' 

The  existence  of  the  properties  (A),  (B),  (D),  presupposed  by  the 
mathematical  theory,  is  determined  notsolely  by  the  chemical  constitu-' 
tion  of  the  body,  but  also  by  the  treatment  to  which  it  has  been  sub- 
jected. Thus  a  freshly  annealed  copper  wire  may,  when  loaded  foi  the 
first  time,  be  far  from  satistying  conditions  (A)  or  (B),  and  yet  by  the 
process  of  loading  and  unloading  it  may  be  brought  into  a  state  of  ease, 
wherein  these  two  conditions  are  very  approximately,  ii'  not  exactly 

*  See  Todhnnter  and  Pearitou'ti  Hhtwr^  of  Ela»tMtp,  vol.  I,  art.  [1411]  aud  pp. 
ilfut,  Phil,,  vol.  1,  part  ii,  p.  423. 
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fnlttlled,  so  long  as  the  stress  does  no  exceed  a  cei  tain  limit.  Aj^ain, 
the  fa(;t  that  a  large  mass  of  metal  is  sensibly  isotropic  is  no  sutlicient 
reason  for  attributini^^  isotrophy  to  the  same  metal  when  rolled  into 
ibiu  plates  or  drawn  into  thin  wires. 

It  is  quite  possible  that  the  three  conditions  (A),  )B),  and  (D)  repre- 
sent an  ideal  state  which  is  never  actually  reached,  and  that  a  diver- 
gence may  always  be  shown  by  the  nse  of  very  delicate  appaiatns.  If 
this  be  true,  then  the  results  obtained  by  the  mathematical  theory  can 
not  claim  absolnte  correctness.  It  seems  however  to  be  satisfactorily 
established  that  many  materials  in  the  state  of  ease  satisfy  these  con- 
ditions with  at  least  a  very  close  approach  to  exactness,  so  that  the 
results  of  the  mathematical  theory  when  properly  restricted  are  then 
sufficiently  exact  for  practical  purposes. 

From  the  preceding  statements  it  will  be  seen  that  it  is  of  the  utmost 
importance  to  know  what  are  the  limits  within  which  the  conditions 
assumed  by  the  mathematical  theory  are  satisfied  with  sufficient 
exactness  to  Justify  its  application.  Tim  question  must  of  course  be 
settled  by  experiment,  but  it  is  beset  by  various  difficulties  which  ought 
to  be  clearly  recognized.  These  arise  in  part  ftom  the  serious  obstacles 
in  the  way  of  a  complete  experimental  knowledge,  and  in  part  ftom 
the  want  of  a  proper  understanding  between  those  interested  in  the 
practical  and  theoretical  sides  of  the  subject,  and  a  consequent  confu- 
sion in  the  terms  used. 

To  avoid  complic>ation  let  us  begin  by  supposing  the  mathematical 
limit  of  i>erfeet  elasticity  to  coincide  with  the  physical.  Let  us  con- 
sider the  simple  case  of  a  bar  under  uniform  longitudinal  traction.  We 
may  suppose  the  bar  isotropic;,  and  in  consequence  of  suitable  treat- 
ment perfectly  ehistic  for  loads  not  exceeding  L|.  No  mechanical 
treatment,  we  shall  suppose,  can  render  it  p<!rfectly  elastic  for  loads 
greater  than  L^.  Tt  does  not  follow  that  a  load  will  Tufossarily  rup- 
ture the  bar  either  immediately  or  in  course  of  time,  but  simply  that 
for  any  load  greater  than  La  the  strain  is  not  perfectly  elastic.  Increas- 
ing the  load  from  zero  we  should  rea<!h  a  loati  L^,  probably  greater 
than  Lj,  that  would  in  process  of  time  rupture  the  bar,  or  a  load  L4 
greater  tliaii  L  ,  that  ])roduces  immediate  rai)ture.  All  these  loads  are 
8up]>ose<l  to  rdcr  to  unit  of  area. 

Xow  iu  the  initial  state  (if  tlie  bar  wc  should  Iw  cutitled  loai)i)ly  the 
iliatheniatical  theory  only  until  tlic  load  1.,  was  rciurhed.  When  we 
aim  at  finding  tiic  utmost  capabilifx- of  the  material  under  longitudinal 
load,  we  mav  ]>erliaps  a]n>ly  tlic  tlicory  until  the  load  L3  is  reached,  but 
here  we  mu>i  stop.  To  apply  it  until  the  loacls  L,  or  Lt  are  reached — 
atisuminir  these  •greater  than  L-» — is  clearly  inadmissible. 

Resuh.^  ot  a  similar  kind  hold  for  all  the  comparatively  simple  forms 
of  stress — such  as  pure  conipiession,  torsion,  or  b<*nding — in  whi<'h 
practical  men  are  intereste<l.  There  fire  linnls  to  the  state  of  perfect 
elastieit\  lower  thau  the  limits  at  which  rupture  takes  place,  at  least 
immediately. 
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The  usual  aim  of  the  engineer  is  that  no  inii  t  of  the  structure  he  is 
designiiif?  sliouUl  ever  be  strained  beyond  the  elastic  limit,  ainl  this 
end  be  of  course  desires  to  obtain  with  the  least  i)ossible  expenditure 
of  material.  Thus  ideally  he  might  be  ex]K'('ted  to  cnlculaTe  tli»'  diiiieiv 
sions  of  eiich  piece,  so  that  for  the  muxiinum  load  it  is  to  be  .>ubje<'t<'(l 
to  it  shall  just  not  pass  beyond  t  lie  limit  of  perfect  elasticity.  There 
are  howe\  cr  in  <;;:cneral  agencies,  such  as  wiud  pressure,  dynamical 
action  of  a  moving  load,  etc.,  whose  etlects  arc  not  very  fully  under- 
stood and  whose  magnitude  can  not  always  he  lureseen.  1  bus  it  is 
the  custom  to  allow  a  wide  margin  for  contingencies.  Now  the  limit 
of  perfect  elasticity  stM'nis  the  natural  (]uantity  to  empU>y  in  allowing 
for  this  margiji,  but  the  niu-crtainl ics  atteiidin;;  its  determiuali«in  ai'e 
such  that  it  is  customary  !«•  eniplny  the  breaking  load  instead.  The 
breakingload  for  the  particular  kind  ot*  stress  the  mend K*r  in  <|uestion  is 
to  be  ex])Osed  to  is  divided  by  some  imiuber,  </.,  I  or  ~k  called  a /net  or 
of  8afi'iy^  and  the  dijueusious  of  the  mendjer  are  calculated  so  that  its 
estimated  load  shall  not  exceed  the  quotient  of  the  breaking  load  by 
the  f}U't(U'  of  safety.  The  engineer  varies  the  factor  of  safety  accord- 
ing to  the  nature  of  the  load,  and  according-  to  the  contidence  he  im)s- 
sesses  in  the  unifonuity  of  the  material  and  in  the  completeness  of  his 
knowledge  as  to  the  vicissitudes  the  structure  is  exjwsed  to.  It  has 
thus  come  to  jjass  that  attention  has  been  largely  direct<Hi  to  the 
breaking  loads,  and  theories  have  iKien  constructed  which  aim  i)rofe8S- 
edly  at  supplying  a  law  for  the  tendency  to  rupture^  under  the  most 
general  stress  systems  possible,  of  materials  whose  rupture  points  have 
been  found  under  the  ordinary  simple  stress  systems  employed  in 
experiment. 

There  are  only  two  such  theories  of  rupture  for  isotropic  materials 
that  at  present  possess  any  general  repute.  To  understand  them  the 
reader  requires  to  know  that  for  any  stress  system  there  are  at  eveiy 
point  in  an  isotropic  elastic  material  three  principal  stresses  along  three 
mutually  orthogonal  directions,  and  likewise  three  principal  strains 
whose  directions  coincide  with  those  of  the  principal  stresses.  If  an 
imaginary  small  cube  of  the  material  be  taken  at  the  point  considered 
with  its  foces  perpendicular  respectively  to  the  three  principal  stresses, 
then  no  tangential  stresses  act  over  these  faces.  In  a  bar  under  a  uni- 
formly distributed  longitudinal  stress  L  per  unit  ot  cross  section,  two 
of  the  principal  stresses  are  everywhere  zero,  and  the  thurd  is  paraUel 
to  the  axis  and  equals  L.  If  E  be  Young's  modulust  and  i^Poisson's 
ratio  for  the  material,  8up|x>6ed  isotropic  and  elastic,  the  greatest  prin- 
cipal strain  is  everywhere  L/E  and  its  direction  is  parallel  to  the  axis. 
The  two  remaining  principal  strains  are  each  ^^L/E  and  they  may  be 
supposed  to  have  for  their  directions  any  two  mntually  perpendicular 
lines  in  the  cross  section  of  the  bar. 

One  of  the  theories  referred  to  above  is,  that  when  the  algebraic  dif- 
ference between  the  greatest  and  least  of  the  principal  stresses  at  any 
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point — a  pressure  bdog  reckoned  negative-— attains  a  certain  valae* 
rapture  will  ensue  at  this  point  Thus,  if  in  descendingr  order  of  mag- 
nitnde^  the  principal  stresses  at  a  point  be  T|,  Ts,  Ta,  then  Ti^Tj  is  the 
stress  difference*  at  this  point,  and  the  theory  asserts  that  rapture  will 
ultimately  ensue  if  the  stress  difference  anywhere  equals  hsf  the  load  fbr 
ultimate  rupture  of  a  bar  of  the  material  by  longitudinal  traction ;  while 
if  the  stress  difference  anywhere  equals  Li,  the  load  for  immediate  rup- 
ture by  longitudinal  traction,  then  immediate  rupture  will  ensue. 

The  second  theory,  which  is  supported  by  the  great  authority  of  de 
Saint-Yenantjt  replaces  the  stress  difference  of  the  first  theory  by  ihe 
greatest  strain.  It  thus  asserts  that  the  condition  for  rupture  is  found 
by  equating  the  largest  value  found  aoywhere  for  the  greatest  strain 
to  the  longitudinal  strain  answering  to  longitudinal  traction  L,,  or  to 
that  answering  to  the  traction  L4,  according  as  the  rupture  is  ultimate 
or  immediate.  This  theory  maintains  that  extension  in  some  direction 
is  necessary  fbr  rupture. 

The  two  theories  may,  as  iu  the  case  of  pure  longitudinal  traction, 
lead  to  the  same  result  but  in  geoenil  they  do  not,  so  one  at  least  of 
them  must  be  wrong.  When  we  examine  the  theories,  still  supposing 
the  mathematical  and  physical  limits  of  i>erfect  elasticity  the  same,  a 
very  obvious  difficulty |  x)resents  itself.  It  is  assumed  that  the  stress* 
'lifTerenee  and  greatest  strain  are  derived  by  the  mathematical  theory; 
but  til  at  theory  applies  only  so  long  as  the  material  is  everywhere  i)er- 
fectly  eliistic,  whereas  nipture,  at  least  when  immediate,  presents  itself 
after  the  oliistic  limit  has  been  passed.  Thus  if  the  application  of  the 
mathenuitical  theory  leads  t<>  values  for  the  maximum  stress  difl'erence 
Jind  gieatest  strain  e<iual  to  the  values  of  these  quantities  answering 
to  rupture,  at  all  events  when  immediate,  the  trne  conclusion  would 
Beem  to  be  that  the  tundaineutal  hypothesis  on  whicli  the  treat ment 
proceeds,  vi/,  that  tlu' material  follows  the  laws  assumed  bytli<'  mathe- 
matical theory,  has  been  sIjom  ti  to  be  in<*orrect.  Nothin<^  lias  been 
proved  except  that  the  clastic  limit  must  be  passed  and  tliat  the  mathe- 
matical the<jry  <loes  not  apply. 

The  only  loj^ical  way  of  iiiter{>reting  the  tho(U'ies  is  to  supi>08e  that  the 
maxiiiiuni  stress  ditlerenee  and  .cfreatest  strain  are  to  be  conijiaied  not 
with  tlie  values  that  answer  to  rupture,  but  either  with  those  that 
answer  to  the  limit  of  perfe<  t  elasticity  or  with  thost^  derived  by  dividing 
tlie  values  answering  to  ru]>tnre  by  some  factor  of  safety.  This  factor 
must  t  lieji  be  larj;e  enougli  to  prevent  the  limit  of  perfect  elasticity  being 
passed.  Thus  from  either  point  of  view  we  enccmnter  a  formidable  diffi- 
culty, viz,  the  uncertainty  of  what  is  the  limit  of  perlect  elasticity. 

*  See  Vwi,  Darwin,  FkH,  3Va«i«.,  1882,  pp.  230,  231,  ete. ;  aloo  Thonuion  and  Taif  a 

Jitir  /''i  f?.,  vol.  I,  part  ii,  p.  423. 
t  s«c  r.  aison's  The  Elanlical  KesearckeB  o/  Barri  de  Haint-Vtmanif  art,  5  (o),  etc. 
\  Ibid.  art.  4{/),6  (a),  &«. 
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We  have  supposed  that  a  bar  may  be  brought  into  a  state  in  which 
it  is  perfeetly  elastic  for  loogitudinal  tractions  not  exceed!  ny;  I^.  An- 
BMrerIng  to  this  we  have  Lj  for  the  stress  difference,  and  I>^/E  for  the 
greatest  strain.  How  if  the  two  theories  described  above  really  apply 
to  the  limit  of  perfect  elaeticity,  the  one  would  seem  to  maintain  that 
Ls  is  the  limiting  value  of  the  stress  difference^  the  other  that  L»/E  is 
the  limiting  value  of  the  greatest  strain  for  all  possible  stress  systeBS 
in  material  of  the  same  kind  as  that  in  the  bar.  The  complete  experi- 
mental proof  or  disproof  of  such  theories  is  not  likely  to  be  easy.  Thus 
taking  fbr  instance  the  case  of  longitudinal  traction,  suppose  it  were 
shown  that  a  certain  method  of  treatment  which  raises  the  elastic  limit 
for  load  paraUel  to  the  axis  of  a  bar  does  not  raise  the  elastic  limit  for 
longitudinal  load  in  a  bar  whose  length  lay  in  the  cross  section  of  the 
origiual  bar.  This  would  only  suffice  to  prove  that  the  treatment 
adopted  did  not  give  a  fixed  Mastic  limit  the  same  for  all  kinds  of 
strain,  it  would  leave  the  possibility  of  such  a  limit  being  obtained  in 
some  other  way  an  open  question. 

In  the  preceding  remarks  the  mathematical  and  physical  limits  of 
perfect  elasticity  have  been  supposed  identical.  When  they  differ,  the 
mathematical  limit  is  of  course  that  which  must  l>e  employed  in  deter- 
mining the  range  of  the  mathematical  theory.  It  will  certainly  not  ex- 
ceed the  physical  limit.  I  may  add  that  while  for  certain  si^cturee 
such  as  isolated  boilers  the  physical  limit  may  most  nearly  concern  the 
practical  engineer,  in  other  structures,  such  as  girder  bridges,  the 
stress-strain  relation  is  assumed  to  be  linear  in  designing  the  several 
parts,  so  that  the  first  mathematical  limit  is  then  of  the  utmost  practi- 
cal importance. 

Ill  the  previous  discussion  of  the  Btress-difference  and  greatest-strain 
theories,  a.s  settling  the  limits  of  application  of  the  mathematical 
theory^  it  has  been  taken  for  granted  that  the  condition  (C)  was  safe- 
guarded by  tliem.  Kow  in  most  ordinary  systems  of  loading  this  is 
prr>bably  the  case,  but  it  is  not  always  so.  For  instance,  if  we  assume 
the  mathematical  theory  to  hold,  a  solid  isotropic  sphere  under  a 
uniform  surface-pressure  shows  none  but  uegiitive  strains,  and  the 
three  principal  stresses  are  everywiiere  equal.  Thus  the  greatest 
strain  is  everywhere  negative,  and  the  stress  difference  everywhere 
zero.  This  is  true  irrespective  of  the  magnitude  of  the  surface  pressure, 
ami  so,  according  to  both  theories,  the  Hticss  strain  relation  would  be 
linear  and  the  mathematical  theory  would  apply,  however  large  the 
l>ressure  was.  According  to  the  thnnics,  one  might  continue  to  employ 
mathematical  fonnulm  whidi  indicated  a  reduction  of  the  sphere  to  one- 
millionth  of  its  original  volume.  It  is  obvious,  however,  that  a  re* 
duction  of  the  volume  by  even  a  tenth  W(»n1(l  produce  strains  which  aie 
probably  far  in  excess  of  those  admitted  by  the  princi]»le  (C).  In 
formulating  an  objection  to  the  universal  application  of  the  theories,  i 
have  preferred  to  attack  them  on  the  side  of  the  principle  (O)  so  as  to 
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show  clearly  that  the  hi^^h  authority  of  Thomson  and  Tait  is  on  my 
side.  The  example  considered  raises  however  what  seems  to  me  at 
least  an  equally  strong  argument  against  the  tlieories  from  the  side  of 
the  principle  (B).  For  we  must  remember  that  the  stresses  inside  the 
material  are  determined  by  the  intermolecular  forces.  Now  whatever 
■nolecnles  may  be,  and  however  they  may  act  on  one  another,  it  seems 
incredible  that  the  molecular  forces  should  lead  to  one  and  the  same 
stresS'Strain  relation,  however  much  the  mean  molecular  distance  may 
be  reduced.  The  foct  that  Sir  W.  Thomson  regards  the  existence  of 
an  irreducible  nuntmnm  volume  as  possible  may,  I  think,  be  talcen  as 
proof  that  he  is  opposed  to  the  view  that  it  is  possible  for  the  stress- 
strain  relation  to  remain  Unear  under  such  cirenmstances.  It  thus 
seems  to  me,  on  various  grounds,  tliat  the  inevitable  conclusion  is  that 
while  one  or  other  of  the  two  theories  may,  under  ordinary  circum- 
stances, be  snificient  to  define  the  limits  of  the  mathematical  theory, 
the  result  must  always  be  cheeked  by  reference  to  the  condition  (O), 
or,  what  comes  to  the  same  thing,  we  must  give  up  the  mathematical 
theory  when  the  strains  it  indicates  are  such  as  would  markedly  alter 
the  mean  molecular  distance. 

I  next  proceed  to  discuss  the  possibility  of  the  earth's  possessing  an 
elastio  solid  structure,  deriving  the  necessary  data  fmm  three  papers 
published  in  the  TrantaeHons  of  the  Cambridife  PhilowphiQal  Soeiei^, 
For  brevity  these  will  be  referred  to  as  (a),*  (&),t  and  {e)4 

The  strains  due  to  the  action  of  the  snn  and  moon  being  compara> 
tively  ingigniticanty  we  need  consider  only  the  rentrifugar^  forces  due 
to  the  earth's  diurnal  rotation,  and  the  gravitational  forces  due  to  the 
nmtnal  attraction  of  its  parts. 

The  data  supplied  by  goolo;;}'  do  not  enable  us  to  formulate  any  likely 
theory  as  to  a  probable  distribution  of  density  and  elasticity  through- 
out the  earth  regarded  as  an  elastic  solid.  All  we  know  with  certainty 
is  that  the  surface  strata  are  on  an  average  considerably  below  the 
mean  density,  that  they  dift'er  widely  in  character,  many  being  markedly 
flBolotropic,  and  that  frequently  they  are  fta  iirom  horizontal.  Thus, 
as  onr  object  is  merely  to  consider  what  are  the  possibilities  on  the 
hypothesis  of  solidity,  it  will  be  best  to  make  the  hypothesis  as  simple 
as  possible.  Now,  if  the  deviations  from  the  earth's  mean  density  and 
from  an  isotropic  elastic  structure  wore  limited  to  the  surface  strata, 
where  alone  we  are  certain  of  their  existeucCt  the  ettect  of  the  *'ceiiti  it* 
ugal^'  forces  would  be  nearly  the  same  as  if  these  deviatitms  did  not 
exist;  but  the  ettect  of  the  gravitational  forces  (m  the  eccentricity  of 
the  surface  may  depend  largely  on  the  nature  of  the  deviations.  1  thus 
propose  to  treat  the  problem  in  stages. 

The  first  stage  neglects  entirely  the  gravitational  forces  and  regards 
the  earth  as  a  slightly  8pheroi<lal  body — which  has  departed  from  the 
spherical  form  in  consequence  of  its  rotation — of  uniform  density  and 

*T(»1.  xtv,  pp.  360-360.         t  VoL  xi  v,  pp.  467-483.         tYiA.  xv,  pp.  1-96. 
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of  the  same  ittotcopie  elastic  stracturo  througbout,  rotatiug  with  imi- 
form  angular  velocity  or  about  its  polar  axis. 

Let  a  denote  the  meanradius^  d  the  difference  between  the  equatorial 
and  polar  semiaxes  of  the  sarface,  £  Yoan^r's  modulns,  and  i/  Poisaon's 
ratio  for  the  material.  Then  the  ratio  dials  given  for  various  values 
of  If  in  the  following  table:* 

Tablk  I. 


0 

U.2 

QJl^    1     U.3     ^  OA 

6^ 

o.:«n 

1 

1  1 

In  the  case  of  an  originally  spherieal  solid  assuming  the  shape  of  the 
earth  under  rotation,  it  is  of  do  practical  imi>ortanoe  whether  we  re* 
ganl  a  as  the  radius  of  the  original  spherical  surface,  or  as  the  mean 
radius  under  rot^ition,  nor  does  it  matter  prac^tically  whether  the  density 
beBnppo8e<l  iiiiitnrni  previous  to  or  during  the  rotation.  There  is,  it 
is  true,  for  all  values  of  except  0.5,  a  slight  increase  in  the  vohime,f 
and  conserpient  diminution  in  the  mean  density  accompanying  the  to- 
tation,  but  for  our  present  purpose  this  may  be  neglected. 

Tlie  niatlieniatieal  solution  on  which  Table  i  is  based  treats  the 
spherical  surface  of  radius  a  as  that  over  which  the  conditions  for  a 
free  surface  are  satisfied .  Now,  some  uncertainty  may  exist,  depending 
on  the  physical  in t(*rpret4iti(m  put  n\vm  malliematical  equations, 
whether  these  surface  conditions  should  be  api)lied  over  what  i?^  the 
surface  before  the  displai'cnjent — in  this  case  the  surface  of  the  true 
sphere  which  it  is  assumed  the  earth  wquld  form  if  the  rotjition  dis- 
appeared— or  over  what  is  the  surtjve  during  the  rotation.  This  un- 
certainty might  constitut*'  a  very  serious  dilliculty  it  the  deformations 
were  supposed  to  be  large,  a  contingency  wliich  may  arise  when  the 
limitation  in  the  niafrnitudc  of  the  strains  is  neglected  ;  but  in  snch 
problems  as  tho  present  where  the  sfraijjs  are,  as  we  sliall  see  presently, 
of  the  same  order  of  inagnitude  as  occur  in  ordinary  eui^iiieei  iii;;'  struc- 
tures, it  is  *»r  no  material  <'onseque!ii'e.  In  the  i)re.seiit  ciise  complete 
assurance  on  this  point  may  l)e  derived  from  l-'iiis.  1  and  2,  1*1.  ii  of 
(r).  which  show  the  changes  iniliu-ed  by  rotation  iu  the  equatorial  and 
lM)lar  semi-axes  of  spheroids  of  various  shapes. 

Foi"  giv(M)  values  of  r/,  «,  ro,  and  /j.  Table  I  shows  that  K  and  ;/  in 
crease  tog<*ther.    (living  co  tlie  value  it  has  for  the  earth,  and  assumin'T 
p=o,5,  <f=3?r>(),  f7=i.3.L*r>,  I  find  for  the  values  of     measuretl  in  jrrams 
weight  ])er  sjniare  centimeter,  aiisweviiig  respectively  to  the  values  0, 
0.25,  and  0.0  of  7,  the  ap|)ro\iniute  numbers 

1020  xl««,   1220  xlO«,   and   1410  xlO» 

''8oe  (11)  formula  (5)  p.  397;  or  (e)  Tftblee  lit,  v,  ami  vi. 
t  See  (b)  Table  11,  and  oompare  Tablea  v  and  vi  of  (e>. 
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It  is  obvious  from  T^ble  i  that  to  equal  increments  in  n  there  oorre- 
siiond  nearly  equal  increments  InE;  thus  the  numbers  given  above 
will  enable  a  safficiently  close  approximation  to  the  value  of  ES  for  any 
other  value  of  7  to  be  immediately  written  down. 

For  the  sake  of  comparison  with  the  values  found  for  E  in  smne  of 
the  commoner  materials  under  ordinary  conditions  I  append  the  follow- 
ing data,  taken  from  Sir  W.  Thomson's  article  on  Elasticity  in  the 
Encyclopedia  Britannica.  The  units  are  the  same  as  above. 


Tablk  il 

VcltiM  of  E/10«. 


HIgliMt  value 


Inin  and  i 


Slate.     Zinc.  L^^, 


9S6 
873 


S50 


IW 
5t 


This  table  will  give  a  general  idea  of  the  limits  within  which  £  may 
reasonably  be  expected  to  lie,  tliongli  some  of  the  data  refer  to  mate- 
rial which  is  hardly  likely  to  have  been  isotropic.  It  shows  that  if  the 
influence  of  the  gravitational  forces  on  the  eccentricity  were  negligi- 
ble,— which  however  is  not  the  case, — ^tbe  earth,  though  perfectly  solid 
and  elastic,  uii^ht  reasonably  be  expected  to  (liH])lay  not  a  smaller,  bnt 
a  considerably  greater  eccentricit  y  tlmu  it  actually  does. 

The  question  next  arises  whether  the  strains  an  it  stresses  produced 
by  the  rotation  are  such  as  are  consistetit  with  the  principles  on  which 
the  application  of  the  mathematical  theory  rests.  In  the  actual  case 
of  the  earth  this  question  is  of  importiince  only  in  exceptional  circum- 
stances, owing  to  the  preponderatiufi:  influence  of  the  gravitational 
forces;  still  it  possesses  sufficient  interest  to  claim  separate  considera- 
tion.  The  following  table  gives  a  sufficiently  close  approximation  to 
the  numerical  results  obtained  for  tiie  rotating  body  treated  above, 
when  for  K  are  substituted  the  values  which  answer  to  tiie  production 
by  rotation  alone  of  an.  eccentricity  equal  to  that  of  the  earth. 

Tablb  III.* 


^=5 

0 

■a 

If  Mlmmii  fltTWM'dlfllmiiee  in  tvo»  welgbt 

LongUnilhial  alma  In  teoa  per  aqnare 

Ineb  wbicli  wmild  prodoeo  ft  atraln 

eqnalto  tlie^vBtoBiatrain....^....... 

96 

■25 


2S 


:{*_• 

o-ooiti 


16 


'  See  (c)  Tabled  ill,  vii,  and  IX, 
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The  maximum  stresft  diflereiice  and  the  greateijt  srram,  as  giveu  in 
the  table,  are  both  tbiiiHl  at  the  center. 

Tlie  result  ou  ihe  stressdillereiice  theory  is  nearly  independent  of 
and  is  more  unfavorable  in  every  ea*e  than  that  /^iven  by  the  greatest 
Htrain  thet)ry  to  the  view  that  the  material  remains  ]>erfectly  elaiitic. 
A  stress  ol"  10  tons  i>er  s(^uare  inch  is  ?)ot  one  that  an  engineer  would 
view  with  eomi)laeeney  in  any  structure  inteudeii  to  be  i>ennanent, but 
it  is  a  low  value  for  the  tenacity  of  good  wrouj^ht  iron.  A  stre4is  of 
even  3.i  tons  jicr  square  inch  can  easily  be  borne  without  rupture  by 
good  steel,  aud  is  periiaps  not  in  excess  of  the  stress  under  which  the 
best  steel  remains  perfectly  ehistic.  The  greatest  strains  are  not  of 
such  a  magnitude  as  to  raise  any  ju'esuuiption  a<^ainst  the  lineai  iiy  ol 
the  sti'esK-strain  relation.  Thus,  according  to  all  the  tests,  it  is  quite 
l)08siblc  that  an  originally  spherical  solid  of  the  earth's  mass  but 
devoid  of  gravitation  should  lemain  solid  and  elastic  while  assuming 
the  for nt  of  the  earth  under  rotation.  Jt>  material,  however,  at  least 
if  homogeneous  and  isotropic,  would  re<j^uire  to  possess  an  unusually 
high  limit  of  perfect  elasticity. 

The  next  subject  for  consideration  is  how  the  question  is  a  fleeted  by 
the  existence  of  gi'avitational  forces  such  as  are  found  in  t  he  ease  of  the 
earth.  The  straius  and  stresses  in  a  sli«;htly  oblate  spheroid,  treated 
as  anisotropic  ela-vstic  solid,  all  consist  of  two  parts,  the  lirstpart  being 
the  same  as  if  the  surface  were  truly  spherical,  the  second  depending 
ou  the  eccentricity.  It  is  the  sec«)nd  parts  that  represent  the  action  of 
the  gravitational  forces  in  modifying  the  eccentricity,  but  these  parts 
are  iu  general  insignificant. so  far  as  the  question  of  the  applicability 
of  the  mathematical  theory  is  concerned.  I  shall  therefore  postpone 
consideration  of  them  until  an  account  has  been  given  of  the  strains 
and  BtreBses  whicb  are  independent  of  the  eccentricity. 

The  mathematical  difficulties  in  applying  the  ordiuary  theory  to  the 
case  oi  a  homogeneous  solid  gn^avitatiug  sphere  are  trifling,  but  tbe 
difficulty  of  putting  a  physical  interpretation  upon  the  mathematical 
expressions  answering  to  most  values  of  17  is  sueh  as  very  forcibly  to 
call  attention  to  the  necessity  of  the  limitation  (C).  Since  the  gravita- 
tional force  at  an  element  of  a  solid  sphere  depends  not  only  on  the  to- 
tal mass  which  lies  nearer  the  center  than  does  the  element,  but  also  on 
its  absolute  distance  from  the  center,  we  must  assume  that  the  equations 
supplied  by  the  ordinary  mathematical  theory,  if  they  apply  at  all,  hold 
for  the  position  of  final  equilibrium  after  the  deformations  have  taken 
place*  This  seemingly  requires  that  strain  should  be  defined  as  the 
ratio  of  the  increase  of  length  to  the  final  length,  which  is  not  in  ao* 
eordanoe  with  the  usual  interitretatiouof  Hooke's  law  unless  the  sipiare 
of  the  strain  be  negligible.  Supposing  the  internal  equations  to  refer 
to  the  final  deformed  condition,  the  surface  equations  will  undoubtedly 
also  refer  to  this  condition.  Thus,  so  far  as  the  terms  independent  of 
the  eccentricity  are  concerned,  we  may  suppose  the  mathematical  theoiy 
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applied  to  a  sphere  whose  density  f>  is  uniform  throughout,  and  whose 
radius  a  equals  the  earth's  mean  radiua 

In  this  case  the  maximum  streBS-differenoe  and  the  algebraieaUy 
greatest  strain  are  both  found  at  the  sor&ee.  Let  us  denote  these  by 
S  and  I  respectively;  and  let  «o  denote  the  greatest  compression,  which 
oeeurs  nt  tho  center,  and  the  radial  displacement  at  the  surfiice. 
Employing  E  and  ti  as  before,  and  denoting  by  g  the  acceleration  due 
to  the  sphere's  attraction  at  its  surfooe,  I  find* 


Zgpa{l-2ff){l-filZ) 

— 10         i-j/  ' 


(1) 

(2) 

(^) 
(4) 


Assumiu^^  for  a  moment  tliese  results  to  hold  for  a  sphere  iu  which 
^  =  gravity  t  at  the  eartli's  surface,  /o  =  5'5  times  the  density  of  water, 
and  a  =^^J)50  miles,  the  following  arc  the  approximate  numerical  values 
answering  to  the  values  0,  -25,  and  0-5  of 

Tablb  IV. 


0 

4440 

0 

103 
2700 

0*26 

0*5 

i  _ 

I^oogitadinil  «tr«M  B  I;  In  tom  weight  per  > 
•qvare  Inch,  wbieh  wwdd  ]KMdn06««triiii  1-  > 

2960 

im 

0-53 
1130 

0 
0 

0 

1  " 

For  a  given  value  of  7  the  value  of  B  is  independent  of  E.  It  dimin- 
ishes continually  as  //  increases  from  zero.  Since  the  value  of  i  depends 
on  E,  I  have  given  the  value  of  E«,  or  the  longitudinal  stress  which 
would  produce  in  a  bar  of  the  material  a  strain  equal  8.  The  value  of 
£#  has  a  maximum  of  about  1,520  tons  weight  per  square  inch,  for  rfss 
J  -  1/1/2  or  0.293  nearly. 

For  T/=0'5  the  values  80  and  are  zero  supposing  E  finite,  but  for 
other  values  of  ?;  one  can  obtain  immerical  measures  of  these  quantities 
only  by  assigning  numerical  vnlucs  to  E.  Now,  if  the  earth  wore  an 
elastic  solid  truly  splierical  but  for  its  rotation,  the  value  of  K  answer- 
ing to  a  given  value  of  ;/  would  be  determined  from  the  eccentricity  of 
the  surtace.  But  the  actiou  of  the  gravitational  forces,  as  will  be  seen 

~*  See  (a)  fonuniin  (17),  (iHa),  and  (19<i),  p.  28l! 

t  The  calculations  treat  thv  attrartion  on  a  cubic  centimeter  of  water  nt  the  snr- 
fketi  aa  equal  to  tho  weight  of  1  gram.  Iu  reality  of  courae  "gravity includea  the 
"oentrifogal''  force. 
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more  clearly  presently,  largely  reduces  the  eccentiieity  whieh  rotation 
woald  produce  in  a  sphere  of  giveu  material  Thus  the  eceeutiieity 
varying  inversely  as  K,  the  value  of  E  answering  to  a  given  eccentric- 
ity is  necessMtfily  conKiderably  smaller  when  gravitational  forces  a<>t 
along  with  the centrifhgal  ^  than  when  the  latter  act  alone.  Bim-(^  the 
snrfoce  strata  are  very  variable  and  of  much  smaller  mean  density  than 
the  earth  as  a  whole,  any  calculatiou  of  the  reduction  of  our  estimates 
of  £,  when  gravitational  forces  are  allowed  for,  which  treats  the  earth 
as  of  uniform  density  can  not  lay  claim  to  ^reat  accuracy.  For  this 
reason,  and  also  because  T  am  specially  desirous  not  to  overstate  the 
case  against  the  application  of  tiie  mathematical  theory.  1  have,  in  cal- 
culating the  values  of  «o  and  t/»  in  Table  iv,  ascribed  to  E  the  values  it 
would  possess  in  the  total  absence  of  gravitational  forces,  viz.,  th© 
values  1020x10®  for  //  =Oand  12150  x  10  '  for  >/s=0-2r)  in  the  same  units  as 
beic>re.  The  imnierieal  valu<'s  ascribed  to  «n  and  in  the  table  are  thus 
esseutialiy  minima,  whit  h  would  in  reality  have  to  be  increased  proba- 
bly to  a  considerable  extent. 

It  will  be  seen  from  the  formula*  and  from  Table  iv  that  when  tf  is 
zero  or  is  small,  the  applicntion  nf  the  mathematical  theory  would  be 
fully  justilied  on  the  greatest  strain  theor>'.  while  utterly  condemned 
on  the  stress-dirt'erence  theory.  The  v>riuciple  (C)  is  in  this  case  en- 
tirely ill  agreement  witli  the  stress  ditference  theory,  and  the  applica- 
tion of  the  mathematical  tlieory  can  in  fact  be  supported  only  by  those 
who  reje<  t  this  principle,  and  consider  it*possil)le  for  the  stress-strain 
relation  to  reuiain  linear  thougli  a  solid  sxdiere  is  reduced  to  one-fourth 
or  less  of  its  original  volume. 

Noticing  from  (1)  and  (2)  tliat  E«  S=2r;,  w(»  see  that  for  all  values  of 
;/  less  than  0'r>  the  stress-ditt'ereni  e  theory  is  less  favorable  to  the  view 
that  the  inarh(Mnati<-al  theory  is  api)licable  than  the  greatest- strain 
theory.  It  th»'re  is  any  Inith  in  either  theory,  the  earth's  mat<>rial 
can  not  pos-sibly  possess  ;i  linear  stress-strain  relation  for  values  of  tf 
sncli  as  O-lM  (i.  r.  witii  a  struct  me  sneh  as  that  of  the  inetals'  unless  it 
be  of  a  strength  coniitarctl  t(>  which  that  of  steel  is  insi^niilicaut.  For 
such  vahn-s  (►t'  ;/  the  strains  :n«'  alst>  enormously  in  excess  of  those 
which  can  be  admitti'il  according  to  the  principle  (('). 

When.  liow(  \<'r,  /,  approaches  the  litnitiiig  value  ()•."  a  complete 
change  cuiik  >  over  ilie  leatun's  of  tlie  <'ase.  The  maxiiuum  stress 
dilference  and  all  the  strains  diminisli,  eventualh  xaiiishing  when 
;/=•."».  Thus  none  «il'the  <>bi<'cti()ns  hitherto  encouiitercil  can  be  niged 
agaiusi  the  applieation  of  the  niaincniai n  al  theory  when  // equals  or 
neai  ly  etinals  0*5.  To  t  he  exact  valne  O-.")  of  /•  t  here  is,  I  admit,  a  physi- 
cal oii  ri  rimt.  which  would  doubtles.s  have  been  urged  bv  Maxwell,  viz, 
that,  supitosing  Voung's  modulus  to  be  linit4?,  this  inii)lies  the  mate- 
vial  to  be  absolutely  iucorapressible.   There  is  however  no  obvious 

*  St«Wftrt  and  flee,  iu  their  Elemenfarf  PraetitMt  Pk^ie»,  vol.  i,  p.  19!}>195,  giv« 
data  from  wliieh  tb«y  c-onalnde  that  india-rubber  w  such  a  material. 
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physical  object u)u  to  ihv  hyi)Othesis  tli;it  the  mateml  is  very  nearly 
incomi)n\s8ibIi',  /.  e.  that  0'.% — 7  is  vim  v  t;niall;*  and  an  isotropic  sphere  . 
with  such  a,  structure  would,  arcordiiig  to  all  our  tests,  iiiinaiu  per- 
fectly ehistir  when  possessed  ol  the  earth's  mass  and  exposed  to  its 
gravitational  forces. 

Ill  our  previous  estimate  of  the  value  of  K  the  action  ol  the  ^aavita- 
tioiial  forces  in  reducing  the  eccentricity  was  not  taken  into  account. 
It  the  principles  we  have  laid  down  as  re^^ulatuii;  the  applicability  of 
the  mathematical  thetny  be  conceded,  we  nee<l  only  consider  the  case 
▼heE  0*5 — f/is  verysnuill;  and  since  the  formula'  show  thiit  in  this 
case  a  small  variation  in  the  value  of  //  is  of  little  couse^^ueuce,  we  may 
ibr  fiimplicity  suppose  ;/=0-5  exactly. 

In  oxd^  to  show  the  nature  of  the  uncertainty  that  must  in  reality 
be  attached  to  the  result,  it  seems  desirable  to  give  a  general  idea  of 
the  way  in  which  the  existence  of  j;:riivitatioual  forces  aifects  the  eccen- 
tricity. Let  us  imagine,  then,  that  over  ^he  surface  of  a  perfect  sphere 
weightless  matter  is  piled  up,  which  transforms  the  surfkce  into  that 
of  a  slightly  ohlate  spheroid  whose  polar  and  equatorial  semiaxes  are 
respectively  a — 2d/S  and  a+<l/3.  l^ow  supiK>Be  the  heaped-up  mate- 
rial to  become  heavy.  The  pressure  it  exerts  on  the  surface  below  it 
Ib  greatest  in  the  equator  and  is  zero  at  the  poles.  Thus  the  originally 
spherical  surface  wOl  tend  to  sink  at  the  equator  and  to  rise  at  the 
poles;  consequently  the  difference  d  between  the  equatorial  and  polar 
semiaxes  of  the  sphroidal  surface  will  diminish,  but  the  diminution  is 
clearly  less  the  smaller  the  density  of  the  heaped-up  material. 

It  must  be  understood  that  this  does  not  profess  to  be  a  complete 
account  of  what  actually  happens;  but  it  may  sulfiee  to  show  that  the 
gravitational  forces  tend  to  reduce  the  eccentricity  which  the  centrifti- 
gal  forces  tend  to  develop,  and  also  that  this  reduction  may  depend 
hurgely  on  the  density  of  the  surface  layers.  If  the  departure  of  the 
SQifiice  layers  from  the  earth's  mean  density  occurs  mainly  near  the 
equator,  then  the  action  of  the  gravitational  forces  in  reducing  the 
eooentridty  may  be  much  less  than  it  would  seem  to  be  on  the  hypoth- 
esis of  an  earth  of  uniform  density. 

Treating  the  density  as  uniform  and  tf  as  equal;  0*5, 1  find  that,  for 
a  given  value  of  £,  the  existence  of  the  gravitational  forces  would  in 
such  a  cavse  as  that  of  the  earth  reduce  the  ditlercnce  between  the 
equatorial  and  polar  diameters  called  for  by  the  rotation  in  the  ratio  of 
9 : 40-approximately*.  Thus,  for  a  given  eccentricity,  the  value  of  E 
when  the  gravitational  forces  act  is  to  its  value  when  the  centrifugal 
fiMrees  alone  exist  as  0  :  40.  80  in  the  supposed  case  of  the  earth,  we 
should  have  to  reduce£from  141  x  10^  to  32  x  10^  gi  ams  weight  per  square 
centim.  The  maximum  stress  difference  reduces  to  7-2  tons  weight  per 
square  inch.  The  greatest  strain  remains  0.001 8,  as  before,  but  it  would 
answer  to  a  purely  longitudinal  stress  of  only  3*6  tons  i)er  square  inch. 

*Cf.  \,n)  iormulu  ^21),  i».  283,  mui  j).2?j7. 
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Owing  to  the  less  density  of  the  surface  strata  these  reductions  maybe 
•  considerably  too  frroat.  so  that  it  is  advisable  tu  regard  32  x  10"^  as  essen- 
tially a  loxrcr  limit  to  the  \  ahio.  of  E.  As  statod  above,  the  numerical 
result  lor  tlie  value  of  E  ^S  (n^l^l  be  but  little  altered  if  we  supposed  /; 
slightly  less  than  O  o;  but  unless  0-5  =  /;  be  very  small,  the  terms  inde- 
|)endent  of  the  eccentricity  become  of  importance  in  estimating  the 
maximum  stress  difl'ei  eiice  and  greatest  strain. 

The  conclusion  which  the  i>revious  investigations  leads  is  that  none 
of  the  principles  at  present  recognized  in  the  bicoustant  theory  of 
i8otro])y  are  oi)posed  to  tlic  hypothesis  that  the  earth  ])osisesses  in  it.s 
interior  an  isotropic  elastic  solid  struetiire  with  a  linear  stress  strain 
relation,  provided  its  material  be  very  nearly  ineompressible.  But  the 
hypothesis  that  the  material  in  the  interior  shows  an  isotroi)ic,  elastic 
structure,  such  as  that  of  the  ordinary  metals  under  the  ordinary  con- 
ditions, to  which  they  are  exposed  on  the  earth's  surface,  can  be  main- 
tained only  by  those  who  are  prepared  to  reject  the  usual  theories  of 
fhe  raptnie^  tiie  limitation  (C)  in  the  size  of  the  strains,  and  the  argu- 
ment introduced  here  from  the  theory  of  intermoleeolar  foroea.  This 
raises  no  presnmption  against  the  hypothesis  that  the  interior  is  in  a 
perfectly  solid  state,  and  possessed  of  such  a  chemical  constitation, 
say,  as  iron,  if  it  be  admitted  that  it  is  of  a  material  in  which  the  lin* 
earity  of  the  stress-straui  relation  ceases  when  the  compression  becomes 
large. 

The  results  obtained  raise  no  presumption  fer  or  against  the  theory 
that  the  earth  is  in  a  liquid  or  plastic  state.  They  merely  show  that 
any  argument  against  the  possibility  of  on  elastic  solid  structure  in  a 
body  of  the  earth's/orm  is  without  foundation;  and  that  any  argument 
based  on  the  destructive  tendency  of  the  enormous  gravitational  fbrces 
in  a  solid  of  its  mass  is  inconclusive,  even  as  directed  against  saush 
structures  as  are  compassed  by  the  ordinary  mathematical  theory.  It 
has  not  been  shown  that  an  seolotropic  solid  structure  of  some  hind,  or 
of  a  variety  of  kinds,  may  not  satisfy  all  the  conditions  as  well  as  or 
even  better  than  a  nearly  incompressible  isotropic  material.  The  pre- 
sumption is,  in  fiACt,  that  the  conditions  may  be  satisfied  in  an  infinite 
number  of  ways. 

It  must  be  borne  in  mind  that  there  may  be  fktal  objections  to  an 
elastic  solid  structure  which  do  not  arise  immediately  from  the  theory 
of  elasticity.  Such  an  objection  may  arise  from  the  rapid  increase  with 
the  dei>th  shown  by  the  temperature  near  the  earth's  sur&oe.  My 
principal  reason  for  referring  to  this  is  to  point  out  that  the  common 
argument  against  the  production  of  duidity  by  the  high  internal  Urn- 
perature  (viz,  an  assumed  raising  of  the  melting  point  by  pressure)  has 
just  as  much  weight  for  a  nearly  incomyiressible  solid  earth  as  for  any 
other,  because  wliile  the  stresH  difierence  in  such  an  earth  is  small  the 
int4^rnal  pressures  are  very  large. 

Before  passing  to  the  second  part  of  the  paper,  I  have  to  confess  that 
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thoYv  is  no  ivasou  to  believe  tliat  some  of  the  limitations  assigned  here 
to  tlie  aijpiiral  ion  of  tlie  matliematical  theory  will  be  accepte<i  by  all 
or  eveu  by  ii  majority  of  the  elasti<  iaiis.  In  fact,  the  matheniatical 
theory  has  aetnally  been  applied  by  several  recent  writxjrs  under  cir- 
ciimstant  es  wiieu  uumt  or  all  of  the  limitations  proposed  here  are  vio- 
lated. For  instance,  this  is  to  a  certain  extent  the  case  in  Prof.  Dar- 
Trin\«;  paper*  '*Ou  the  stresses  caused  in  the  interior  of  the  eiuth  by 
the  weight  of  continents  and  mountains."  In  the  principal  part  of  the 
paper  he  supposes  //=0.r),  when,  as  have  seen,  none  of  the  objections 
apply;  but  in  his  §  10,  in  order  ''to  know  how  far  the  results  -  -  - 
may  differ,  if  the  ehistic  solid  be  eom])ressible,"  he  supposes  that  while 
the  rigidity  constant  is  tinite  the  bulk  modulus  is  very  small.  In  other 
words,  he  applies  n i a  tliematical  formula  which  assume  //  as  nearly  e((nal 
to  — 1.  Such  a  v  ahie  lias  been  here  regardetl  as  impossible.  It  should 
also  be  noticed  that  if  //  were  equal  — 1  then  E  would  vanish,  and  if 
T/  be  nearly  — 1  the  value  of  E  must  be  very  small.  Thus  the  strains  and 
displacements  given  by  equations  2  to  4  would,  in  the  case  supi)osed 
by  Prof.  Darwin,  be  enormously  greater  than  oven  those  given  in  Table 
IT.  I  do  not  observe,  however,  that  either  in  the  paiier  itself  or  in 
one  sapplementary  t  to  it  Prof.  Darwin  makes  any  explicit  leferenee  to 
thetmis  in  the  stn^  independent  of  theangolttroo-cffdinftteB^fiom 
which  the  equations  1  to  4  aie  derived.  I  am  thus  nnable  to  say 
whetiier  his  neglect  of  the  limitations  that  these  terms  are  here  regarded 
as  setting  to  the  application.of  the  mathematical  theory  is  intentional 
or  not.  Again,  in  a  recent  paper  |  <^On  Sir  William  Thomson's  esti- 
mate of  the  rigidity  of  the  earthy"  Mr.  Love  has  also  considered  the  prob- 
lem of  the  earth  treated  as  an  isotropic  elastic  sphere,  more  especially  for 
the  valne  of  0.25  o£t/.  In  his  equations  14  and  18  Mr.  Love  determines 
the  values  of  two  arbitrary  constants  which  occur  in  the  terms  inde- 
pendent of  the  angular  co-ordinates,  audit  is  easily  seen  that  the  ex- 
pression he  would  thence  obtain  for  these  terms  is  identical  with  mine.$ 
After  determining  the  second  constant  he  however  dismisses  the  sub- 
ject with  the  remark,  <<This  -  -  -  gives  the  mean  radial  displace- 
mmt,  a  matter  which  need  not  detain  us  here.''  So  far  as  I  can  see, 
Mr.  Love  makes  no  reference  to  any  principle  such  as  0,  nor  to  the 
possibility  of  the  stress-strain  relation  ceasing  to  be  linear. 

I  ought  also  to  explain  that  in  my  paper  (a),  directing  my  attention 
solely  to  the  theories  of  rupture,  1  left  out  of  sight  any  such  limitation 
as  (B)  or  (C),  and  treated  the  case  of  an  earth  in  which  i/sO  as  one  in 
which,  according  to  the  greatest-strain  theory  of  rupture,  the  mathe- 
nmtical  theory  was  applicable.  I  also  failed  to  notice  that  the  case 
};s0.5  was  sanctioned  by  the  greatest-strain  theory  as  well  as  by  the 
stress-difference  theory. 

'  •  Fhih  7V«iw.,  is^Tpp*  wwsoi 

t  Vrowtdings  of  the  Royal  Sodetf f  vol.  xxxviii  (1S85),  pp. 9i2l2>-328. 
t  Tranif.  Camh.  PhiJ.  S,u:,  vol.  XV,  pp.  107-118. 
$  (a)  Equation  (17),  p.  28L 
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The  beUef  that  the  present  spheroidal  form  of  the  earth  necessar- 
ily betokens  u  pruvious  ]i<iuiil,  or  at  least,  phvstic,  condition  seems 
amonj^  geologists  ahnost  as  universal  as  the  belief  that  the  earth  bat 
for  the  development  of  rotation  must  have  been  a  spherical  body. 
Whether  this  latter  conclusion  has  any  batisfiictoiy  basis  ajiart  firom 
philosophical  speculations  it  is  not  my  present  object  to  inquire.  Bat 
supposing,  for  the  sake  of  argument,  that  the  natural  form  of  the  earth 
as  undisturbed  by  rotation  is  spherical,  the  conclusion  that  it  ever  was 
in  a  liquid  or  even  in  a  plastic  state  throughout  is,  according  to  the 
preceding  results,  not  established  by  its  present  spheroidal  fonn.  Yet 
even  ui  such  a  standard  work  as  Geikie^s  Tejpt-hook  of  Q€oU>ff$^  after 
reading  the  discussion  on  p.  12  and  the  foot-note  attached,  I  fail  to  de- 
tect a  trace  of  the  idea  that  the  polar  flattening  might  be  called  forth 
by  rotation  in  a  truly  solid  body. 

Various  geological  writers,  it  is  true,  speak  of  a  solid  earth  as  capa- 
ble of  changing  its  form,  but  they  seem  in  reality  to  regard  the  clian^^e 
as  due  to  rapture  or  to  the  development  of  a  plastic  condition.  This 
appears,  for  instance,  to  be  the  view  actually  held  by  Mr.  Herbert 
Spencer  in  :i  shf>rt  paper  •  entitled  **TheForni  of  the  Earth  no  proof  of 
Original  Fluidity,"  This  paper  has  been  referred  to  with  a  somewhat 
inaccurate  conception  of  its  value  and  results  by  two  recent  geological 
writers,  so  it  claims  some  notice  at  our  bands.  The  first  of  the  two 
writers  referred  to,  Mr.  W.  B.  Taylor^t  says:  "It  is  now  nearly  foity 
years  since  Herbert  Spencer,  with  a  juster  i)bysical  insight  [than  Sir 
W.  Thomson  and  Prof.  Tait],  contended  and  satisfactorily  showed  that 
a  solid  earth  (of  any  shape)  would  assume  the  oblate  spheroidal  form 
due  to  its  rate  of  rotation,  as  certainly  and  promi)tly  as  if  it  were 
liquid."  The  other  writer,  Mr.  A.  Blytt,t  amongst  other  references  to 
the  paper  says,  "  1  believe  that  SiKincer  is  the  lirst  who  expressed  the 
opinion  that  even  a  solid  earth  eati  c  hange  its  form." 

"Mr.  Spencer,  after  sonic  statements  as  to  the  rel;i*^ive  strength  and 
agility  of  large  and  small  animals,  such  as  elei)]iaiits  and  lieas,  formu- 
lates the  general  result  th;it  the  strength— 4*alled  also  resistance  to 
lim  tui'e'' — of  a  solid  structure  varies  as  the  s(piare  of  its  linear  dimen- 
sions, while  tlie  ag<Mieies  antagonistic  to  eohesivc  attraction.''  i.e., 
iTi  1  \  ilational  and  centrifugal "  forces,  etc.,  vary  as  tin  cnlu-.  I^xccpt- 
;i  statenicTit  that  this  is  obviously  true  of  simple  longitudinal  and 
toi  sn  niiil  strcs.N,  I  lie  loUowuig  is  thi*  sole  proof  of  his  very  general  law 
supplied  by  Mr.  Spencer:  "The  strejigtli  of  a  bar  of  iron,  timber,  or 
other  material  subjected  to  the  transverse  strain  varies  a^  BD*/L^  B 

"PA<I.  Mug,,  1847,  [8]  vol.  xxx,  pp.  194-196. 

\  American  Journal  of  Science,  li^S',  vol.  XX x,  pp.  25S,  25H. 

{  Phil.  3/(1./..  May.  im\  p.  li:..  Tr.'.ns];,t<  d  from  X„t  Mogogim/or  2fntutrvide»$ln- 
bem€j  1^,  lid.  xxxi.   Smithtonian  JKeport,  lUiSi):  p.  '<S3ii, 
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beiug  the  breadth,  D  tbe  deptli,  and  L  the  length.  Suppose  the  size 
of  this  bar  to  be  changed,  whilst  the  ratios  of  its  dimeusious  continue 
the  same;  then  -  •  •  the  strength  will  vary  as  -  •  •  "(p.  1«><^). 
The  foUowiogis  the  conclusion  drawn  by  Mr.  Spencer:  Viewed  by 
the  light  of  this  principle)  the  fact  that  the  earth  is  an  oblate  spheroid 
does  not  seem  to  afford  any  support  to  the  liy^^otheeis  of  original  flmd- 
ity  as  oommooly  understood.  We  must  consider  that  in  respeet  of 
its  obedience  to  the  geo dynamic  laws^  the  earth  is  fluid  now  and  must 
always  remain  80|  for  the  most  tenacious  substance  with  which  we  are 
&(;(|uainte<l,  when  subjected  to  the  same  forces  that  are  acting  upon  the 
earth's  crusty  would  exceed  the  limit  of  self-support  determined  by  the 
abore  law,  before  it  attained  irooo.l^ori^^e^^      earth's  bulk"  (p.l96). 

Perhaps  if  one  knew  what  Mr.  Spencer  means  by  the  limit  of  self 
support,"  and  what  is  the  exact  distinction  he  draws  between  ^<  fluidity 
as  commonly  understood  "  and  fluidity  in  respeet  of  obedience  to  geo- 
dynamic  laws,"  one  might  be  in  a  position  to  form  some  estimate  of  his 
degree  of  physical  insight;  but  so  far  as  I  can  see  all  he  satisfactorily 
shows  is  an  extraordinary  agility  in  jumping  to  conclusions.  If  his 
meaning  is  that  deformation  must  accompany  the  action  of  gravita- 
tional and  centrifugal  forces,  he  nught,  if  MaxweU^s  view  be  correct, 
have  added  to  the  denominator  of  his  estimate  as  many  O's  as  the 
printer  could  spare;  but  if  it  is  the  rupture  of  an  elastic  solid  or  its 
transformation  into  a  plastic  state  to  which  he  refers,  as  seems  almost 
certain  from  the  context,  he  must  have  formed  an  extremely  low  esti- 
mate of  what  strains  a  solid  can  stand. 

In  tbe  same  passage  Mr.  Blytt  refers  to  Mr.  Peirce,*  Sir  J.  W.  Daw- 
Bon,t  and  Prof.  J.  K  Todd  t  as  holding  that  a  solid  earth  will  alter  its 
shape  if  the  rate  of  rotation  vai*y.  The  views  of  Mr.  Peirce  I  have  not 
seen,  but  tlie  other  two  writers  meutioue '  regard  the  solid  earth  itself 
as  changing  shape  only  by  means  of  a  succession  of  what  we  may  term 
catastrophies.  Their  views  seem  identical  with  those  which  Mr.  Blytt's 
translator  ascribes  to  hifii  in  th«'  following  words:  "The  sea  adjusts 
itseli'  in  accordance  witli  tlie  smallest  change  in  the  length  of  the  day 
-    -  But  the  solid  earth  otters  resistance  to  change  of  form,  and 

begins  to  giv(»  way  only  when  the  tension  reaches  a  certain  amount "  (p. 
418).  Mr.  Blytt  makes  several  distinct  n^ferences  to  iho  snitject,  and 
his  remarks  are  not  iMjrhajJs  always  strictly  <  '  itsistent.  IMiis,  liowever, 
in  hiixdly  to  bo  wondered  at,  since  he  gives  as  the  result  of  his  investiga* 
tions:  **As  has  been  stated,  there  prevails  -  -  -  a  disagreement  as 
to  how  far  the  earth  will  change  its  form,  in  casti  the  centl  ifugal  force 
varies.  Thomson  is  most  inclined  to  believe  that  it  will  not.  Darwin 
is  of  opinion  that  it  will.  And  among  other  physn  ists  whom  1  have 
,  consulted  a  similar  divergence  prevails  upon  this  point.  One  thinks 

*  JVoe.  Atner.  Acad.  Arts  and  iiHencej  1873,  vol.  viii,  p.  106. 

t  Storif  of  the  Earth  and  Man,  nitith  edltioti,  pi).  291,  292. 

i  American  Xntiiralfsf,  1883,  vol.  XVH,  pp.  15-26,  apeoially  pp.  18,  19, 

H.  Mis.  334,  pt.  1  10 
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tbftt  a  lengtbening  of  the  day  even  by  Bcveral  liours  will  be  mcapable 
of  altering  the  form  of  the  solid  earth;  another  belieyea  that  the  solid 
earth  will  pi-obably  change  its  form  Just  as  easily  as  the  sea''  (p.  421). 

If  Mr.  Blytt  should  ever  have  Airtber  occasion  to  consult  physicists 
on  this  or  any  allied  point,  he  would  find  an  exa<.-!t  deftnition  of  such 
terms  as  solid  a  certain  amount  of  protection  from  dprunri  Bpecolation8. 
Mr.  Blytt's  own  principal  view  seems  due  in  part  to  an  erroneous  inter- 
pretation of  Tresoa's  experiments  on  the  flow  of  metals  under  presnoie. 
They  do  not  in  reality  justify  his  staU'meiit  By  reason  of  the  enor- 
mous pressure  which  ])revai]s  in  the  interiur  of  the  earth,  it  must  be 
8np])os(Ml  that  masses  from  a  certain  depth  are  more  or  less  in  a  plastic 
state  "  (p.  417).  It  was  in  fact  pointed  out  some  years  ajjo  by  theBev. 
Osmond  Fisher*  that  the  existene<'  of  an  orifice  from  which  the  metal 
can  flow  coiistitnt4\s  a  complete  ditVcn  iice  between  the  conditions  of 
Tresca's  exi)erimentH  and  the  state  til*  a  body  subjected  to  nearly  uni- 
form pressure  all  round. 

Mr.  Blytt  apparently  does  not  stand  alone  in  believing  Sir  W.  Thom- 
son to  hold  that  the  solid  earth  is  incapable  of  altering  its  form  as  the 
rotation  alters,  and  that  it  possesses  tlie  same  eceentricity  as  when  it 
8olidifie<l.  Trof.  Darwin  in  Natnre,  1880,  vol  XXXIV,  pp.  420-423,  seems 
also  to  put  this  interpretation  upon  a  i)assage  he  quotes  from  §8ii0of 
Thomson  and  TaitV  Xatural  Philonophif.^''  Supjiosing  this  interpre- 
tation conect,  Prof.  Darwin's  opinion  that  Sir  W.  Thomson  does  not 
allow  "  a  sutiicient  nmrgin  for  uncertainties"  expresses  only  a  part  of 
tlie  olijcctions  I  should  entertain.  I  find  it  difficult  however  to  believe 
that  fSir  W.  Thonijison,  who  elsewhere  gives  data  for  the  eccentricity 
produced  by  lotaticiii  in  solid  spheres  of  steel,  can  actually  supj)ose  uo 
chiinjif  at  all  in  tlir  ecccutri<  iTy  to  follow  an  alteration  in  the  angular 
velocity.  Still  it  must  be  ct>nfessed  that  thougli  the  ]>assage  contains 
the  statement.  *'  It  nnist  necessarily  remain  uiic*  i  t aiii  whctlicrtlic  e^U'th 
would  i'rom  linic  to  time  adjust  itself  coniith-trly  to  a  figure  of  equi- 
librium adapted  to  the  rotation,"  its  most  natural  interpretation  is  that 
given  by  Prof.  Darwin.  I  nec<l  hardly  say  that  the  conclusion  that 
the  earth,  however  solid,  w(»uld  i  »'t;iin  a  c^mstant  (M  ccntricity  while  the 
rate  of  rotation  varic<l.  seeius  to  inc  directly  oi)po8edlo  the  couclusiuut^ 
to  which  the  elastic  solid  theory  leads. 

Prof.  Darwin  himself,  in  his  jiaper  in  Xtiturt  rrtcrs  to  Tre.sca's  ex- 
periments and  thinks  it  probable  there  would  be  from  tinir  to  time  a  flow 
of  material  as  the  angular  velocity  altered.  One  of  the  uneert;iin- 
ties"he  refers  to  is  the  possibility  tlmt.  in  accordan<'e with  Dr. i'rolPsf 
views,  a  greater  rapidity  ol  denudation  in  e<iuatorial  than  in  polar 
regions  may  liave  reduced  tlie  eccentricity  nmrkedly below  the  vahieit 
possessed  when  the  eaith  soUditied.    He  does  not  seem  however  lo 

*  Fkif9i<i9o/tke  Barih'g  Crufit,  1st  edition,  1881,  foot-note  p.  130. 
(VHmate  and  Tim  (1885),  p.  336. 
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retci  to  the  consulwablf  rbaiige  of  recent  l  U'ity  that  migUt  occur  iaa 
solid  tlironjrh  more  variation  of  elastic  strain. 

As  le^'anls  tin  present  state  of  tlie earth's  iiiteri<»r  there  are,  ai^conl- 
ing  to  Geikie  s  Text-book,  i*.  only  three  theories  which  luerit  serious 
consideration,  viz : 

(1)  That  there  is  a  solid  crust  and  a  molten  interior. 

(2)  That  with  the  exception  of  local  vesicular  si)aces  theeai  th  is  per- 
fectly s<»li(I. 

(3)  That  The  earth  ctmsistM  of  a  8olid  crust  and  nucleus  with  an  in- 
tervening li(iuid  layer. 

A<'eording  to  the  Text-book,  tlie  t]»eory  of  a  thin  crust  containing 
li(|uitl  or  viscons  matter  is  exjHKsed  to  "weighty  and  iinleed  insuper-' 
able  objections,'^  p.  18,  and  is  uow  abaudoued  by  most  geologists,"  p. 
43. 

According  to  Dr.  (.'roll*  the  general  opinion  anioiii,'  ;;eologists"  is 
that  the  earth  "  consists  of  a  fluid  interior  suiri)unded  by  a  thick  and 
rigid  [really  solid]  crust.'' 

Prof.  Prestwieht  believes  that  ''the  crust  rests  on  a  yielding  sub- 
stratum, and  that  of  no  great  tliickness."  in  fact  he  advocates  the 
third  of  the  above  mentioned  theories,  atid  believes  30  miles  to  be 
probably  iu  excess  of  the  crust's  thickness.  Most  w  riters  on  the  sub- 
ject appear  to  have  subsidiary  tlicorics  of  their  own. 

Whether  the  assurance  that  the  question  is  beyond  the  reach  of  ex- 
IKirinient  a<-coiints  for  the  multitude  of  theories  and  tlie  (jontidence 
with  whicli  they  are  proposed,  is  a  <|uesth)n  for  pbilosopln  i.^  not  niathe- 
maticians  to  consider,  but  it  seems  «  ;;Wor/  a  possible  explanation  of 
such  a  dei  hiration  of  faith  as  that  of  Mr.  W.  B.  Taylor:  |  The  liquid- 
ity of  our  globe,  and  the  relative  thinness  of  its  encrusted  (envelope — 
a«  attested  by  all  legitimate  geohgieal  induction — will  be  assumed 
without  misgiving  or  hesitancy,  and  the  supposed  matematical  .irgu 
ments  for  its  solidity  ignored  as  essentially  fallacious  and  wholly  in- 
conclusive.^ 

Of  ooarse  if  the  geological  evideuee  were  eonclosive,  it  would  be 
mere  waste  of  time  farther  to  consider  the  matter,  bat  the  evidence 
that  satisfies  Mr.  Taylor  does  not  seem  to  cany  conyiction  to  all  geolo- 
gists eyen  in  America^  Mr.  G.  Becker^f  for  instance,  who  appeais  to 
have  same  practical  experience,  says:  For  a  considerable  number  of 
years  1  have  constantly  had  the  theory  of  the  earth's  solidity  in  mind 
whOe  making  field  observations  on  upheaval  and  subsidence,  with  the 
result  that  to  my  thinking,  the  phenomena  are  cai)able  of  much  more 
satisfactory  explanation  on  a  solid  globe  than  on  an  encrusted  fluid 
one." 

"  Climatt  itti'l  7'ii)if,  p.  395. 
t  Gvologi/,  vol.  II,  p.  510. 

t  AwurtDan  Journal  of  Htiettoe  (1885),  vol.  xxx,  p.  250. 

(  Amerietttt  Jouma!  ofStAtnev  (1890),  vol.  xxxix,  pp.  351, 352. 
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It  may  thns  be  not  wholly  unprofitable  to  glance  briefly  at  some  of 
the  arguments  which  some  of  the  advocates  of  the  several  theories 
base  on  their  ideas  of  the  properties  of  solid  bodies. 

Mr.  Taylor's  object  is  to  get  an  equatorial  circumference  some  10  per 
cent  in  excess  of  its  present  value,  so  as  to  account  for  the  lateral  com- 
pression at  the  Burfoce  observed  in  mountain  chains.  Tlius,  following 
Prof.  Darwin,*  he  supposes  the  earth  to  have  once  possessed  a  much 
greater  angular  velocity  than  at  present,  and  si)eaks  of  a consistent 
crust  (of  some  few  miles  thickness) as  having  formed  when  the  rota- 
tion of  our  planet  was  at  four  times  its  present  rate  "  {I  p.  257).  The 
equatorial  radius  would  then  have  been,  he  says,  some  4,359  miles,  and 
the  polar  some  3,201.  The  change  of  shape,  as  the  rotation  fell  off, 
would  aooount,  he  thinks,  for  observed  phenomena.  He  considers  his 
conclusions  opposed  by  Sir  W,  Thomson's  theory  that  the  earth  solidi- 
fied throtigliout  and  retains  at  least  approximately  itsorijfinal  ewon- 
tricity.  It  is  on  this  iv>int  that  lie  refers  to  the  data  supplied  by  Mr. 
Herbert  Spencer's  <*juHter  physical  inKigbt;''  and  he  adds,  apparently 
ashisown  contribution  to  the  argtunent,  ^*  the  sup])osition  that  a  granite 
mountain  or  equatorial  protuberance  4(M)  miles  high  or  100  niiks  high 
oonld  for  a  moment  support  its(>lf,  would  hardly  be  entertained  by  a 
practical  engineer;"  and  in  a  foot-note,  the  limiting  modulns  of  height 
of  agraniti'  ]>vr;iniid  (equalling  one  sideof  its  square  base)  is  somewhat 
less  than  11  miles"  (/.  r.,  p,  258).  1  am  quite  ready  to  agree  with  Mr. 
Taylor  that  if  soliditiai^tiou  oecurretl  under  tlie  conditions  he  supposes 
the  ecc^entricity  must  have  altered  enormously  and  that  in  a  non-elastic 
way,  and  I  hardly  supiiose  that  Sir  W,  Thomi>Son  would  oppose  this 
view.  No  one  however  so  far  as  1  know,  has  proi>ounded  the  theory 
ofiui  elastic  solid  splieroidal  earth  of  eccentrieity  0.r»5  rotating  com- 
pletely in  six  hours,  so  that  the  investigation  of  the  strains  and  stresses 
required  by  such  a  theory  is  unnecessary.  I  can  (piite  inuigine  that  on 
any  probable  theory  of  density  the  magnitude  of  the  strains  is  hardly 
likely  to  be  consistent  with  the  apjilieation  of  the  mathematical  theory 
of  elnsticity.  Tlie  force  of  Mi-.  Taylor's  rennirks  as  to  the  ])yramid  I, 
h()w<'\  (M  ,  lail  to  s<«c.  Such  au  isolatetl  ujass  exists  under  totally  differ- 
ent coiulitioiis  lidin  any  portion  of  n  soli«l  s|)hcie  or  s])hen)iil,  and  one 
might  as  well  argue  a.s  to  The  iiiii>()ssi')i]it  v  ol  a  ]i(|iii<l  interiorfroni  the 
fjict  tliat  an  isohited  liquid  (  ((liiiiiti  loo  miles  higU  has  not  yet  l>ceu 
obscr\e<l  on  the  eai  tirs  surl'a<-c.  if  Mr.  Taylor  were  however  to  cal 
culate  tin' sf rains  and  stresses  in  snch  a  thin  shell  as  he  sui)poses,  of 
material  sbowiii:^  nnythin;:  res^  inliliim  tlie  structure  of  oixiinary  rock, 
with  a  rate  of  l  otation  such  as  he  mentions,  I  very  much  doubt  whether 
he  would  find  it  iu  au  esseutially  better  position  than  his  imaginary 
pyramid. 

After  this  <iitiei>iii  Mr.  Ta>  lor  eoiisiders  the  questi(ui  of  the  probable 
degi'ce  of  rigidity  of  our  planet  t[uite  irndevant,  but  the  '^temptation  is 

'  Phit.  2Va««.  i».  532. 
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Btrou£f  to  waste  upon  it  n  collateral  glance  {1.  c,  p.  259).  Accordingly 
be  crushes  Sir  W.  Thomson's  argomeiit*  from  the  tides  by  the  remark^ 
Hhskt  a  siliceous  cmst  of  20  miles  nvom^c  tliickness  and  an  ovorlying 
aqneoQS  ocean  of  3  miles  average  depth,  should  have  (as  required  by 
tbe  argument)  so  eqnal  a  coefficient  of  mobility  that  sea  and  land  could 
thus  together  'rise  and  Ml,'  might  well  be  pronounced  incredible'' 
p.  260). 

He  regards  Sir  W.  Tliorason  as  very  seriously  damaging  his  own  ar« 
gnment  by  the  admission  that  tides  comparable  in  magnitude  with  those 
observed  wouhl  occnr  even  in  a  solid  earth  of  st«el.  It  does  not  seem 
t4i  have  occurred  to  him  that  the  existence  gf  a  diftereiu  e  between  the 
motions  of  the  land  and  water  may  wmstitute  an  argument  for  solidity,  t 

Mr.  Taylor  admits  one  ditticulty  in  his  theory,  viz,  the  nature  and 
local  fltaracteristics  of  tlie  ])lications  actually  observed,  an<l  renuirks: 
"Wliilc  the  force  at  the  command  of  the  rotating:  planet  is  abundantly 
sulhcieiit  -  •  -  evidently  some  supplementary  consideratioue  are 
requisite  t<»  j;ive  the  ohsorved  direction  to  this  loree,-'  -  -  -  *'The 
mere  ineehanical  ditlieulty  li<»wev«*r  of  transmitting^  stresses  through 
comparatively  nndisturlMMl  ar<'as  of  Innnlreds  of  miles  of  a  llexible,  frj- 
able,  and  ])r:ictirally  i>lasti('  crust — with  a  large  crnMheient  of  viscous 
friction  beneath — is  imt  so  lormidablo  as  niitrht  at  first  appear.  It 
nmst  be  borm*  in  mind  that  rho  pressures  derived  from  an  action  so 
slow  as  from  century  to  ( *  i  t  m  y  t^  be  scarcely  sensible,  are  of  an  or- 
der of  very  great  intensity,  l)ut  of  very  small  ([nantity^'  e.,  p.  L'<{5). 
Mr.  Taylor  also  infers  from  "various  considerations  *'  that  in  all  ages 
mountain  buildin^j  has  been  atamnxiraum;  that  is,  the  upliited  heights 
have  l>een  the  greatest  which  the  average  thickness  ofthe  crust  at  the 
tune  wa-s  C5\i»able  of  .supporting;  so  that  the  former  has  been  a  constant 
function  ofthe  latter,  the  ratio  being  probably  not  far  from  one-fifth'' 
{!.  C.J  p.  2C5).  Mr.  Taylor  does  not  state  that  tliis  law  of  the  uplifted 
heights  is  true  of  sdl  lands  as  well asof  all  time,  but  the  i)o^.sil»ilit>*  that 
such  n»ay  be  the  case  is  rather  alarming.  ITe  enters  in  liict  into  no  un- 
necessary details  as  to  how  he  readied  his  conclusions,  so  that  all  one 
can  say  is  that,  measured  by  his  own  stan<lard,  he  is  certainly  not  in- 
ferior in  physical  insiglit  even  to  Mr.  Herbert  Spencer.  Perhaps  when 
he  comes  to  fleal  with  tlx^  supplementary  considerations"  he  may  sup- 
ply sufficient  <iata  tor  tlie  mathematician  to  follow  imn. 

Prof.  Prestwich,  in  his  (Teoh)gy,  vol.  ir,  regsircls  the  present  very 
great  rigidity  of  the  earth''  as  being  proved  l>y  mathematical  and 
physical  investigations;  but  complains  of  a  '-want  (d"  elasticity"  in 
the  methotls  of  the  nnithematicians  (p.  53<S).  Aceonliii^;  lo  lum,  "  the 
h3rpothesis  most  cx)mpatible  with  the  geological  phi'nomena  is  that  of  a 
central  solid  nucleus  with  a  molten  yielding  en veh)pe — not  fluid,  but 
viscid  or  plastic;  uor  is  it  necassary  that  this  magma  should  be  of  any 

*2fQiwrmi  PkUoHophy,  Vol.  i,  partn,  ^  833. 
f  S«e  his  lemurkB,  L  o.,  p.  2fi0,  ftnd  Ibot-noto. 
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great  thickness;  but  a  tliiii  crust  is,  it  seems  to  me,  an  essential  condi- 
tion"  (p.  •'>43).  Prof.  L^restwich  adduces  in  support  of  his  viewe  various 
arguments  from  geological  phenomena  which  seem  of  much  weight.  He 
has  also  variona  argaments  of  a  more  or  less  physical  character,  but 
they  seem  to  take  a  good  deal  for  granted.  Thus,  on  p.  540,  refer- 
ring to  i)li(  ation8  in  the  surface  rocks,  he  says,  "if  the  earth  weie  solid 
throaghout,  the  tangential  pressure  would  result  not  in  (listoi  ting  or 
crumpling,  but  in  crushing  and  breaking.  As  a  rule,  no  such  results 
are  to  be  seen,  and  the  strata  have  -  -  ■  yielded,  as  only  a  free  surfaco 
plfite  could,  to  the  deformation  caused  by  lateral  pressure  -  a  yield- 
ing bed,  on  which  the  crust  could  move  as  a  separates  body,  was  neces- 
sary." It  seems  to  me  that  as  the  phenomena  of  rupture  are  as  yet 
very  imperfectly  ascertained,  except  perhaps  for  n  f<*\v  sim])le  standard 
conditions.  Prof.  Prestwieli  has  very  little  to  go  on  but  a  priori  ideas. 
T  fail  to  see,  for  instance,  wliy  ]>ressures  at  or  near  the  surface'  of  a  soh'd 
sphere  should  necessarily  produce  fracture  and  not  flow.  Also  it  seems 
improbable  that  there  would  be  a  sharp  line  of  demarcation  so  as  to 
enable  a  crust — which  seems  clearly  to  mean  a  solid  superlicial  layer — 
to  move  as  a  separate  body  on  a  ''yielding  bed."  Wouhl  not  tliis  im- 
ply a  liquid  substratum  with  no  appreciable  viscosity  f  And  suppo>in  <r 
there  were  a  substratum  of  lids  kiml,  is  there  any  suthcient  experi- 
mental evidence  that  a  solid  crust  of  even  a  few  miles  tldckness  would, 
on  the  falling  away  of  the  liquid  underneath,  go  into  folds  instead  <>f 
being  cruslied  and  broken?  Further,  can  plications  to  the  ext^^nt 
HliowM,  say  by  tlie  Aljis,  be  reconciled  witli  the  retention  of  contempo- 
raneous solidity!  Supposing  the  earth  to  be  essentially  solid  through- 
out, is  there  any  reason  why  the  strain  at  some  miles  beiow  the  surface 
bliould  not  locally  at  intervals  exceed  the  elastic  linut,  with  the  result 
for  a  time  of  a  state  of  tlow  or  plasticity  throughout  a  volume  of  greater 
or  less  extent  i  During  such  an  epoch  there  would  exist  locally  condi- 
tions somewhat  resembling  those  uhicli  Prof.  Prestwieli  believes  exist- 
ent everywhere.  It  is  true  that  one  argument  adduced  by  l^rof.  Trest- 
wich  and  others  against  the  existence  of  separate  reservoirs  of  molten 
material,  viz,  the  similarity  in  the  character  of  volcanic  protlucts  all 
over  the  earth,  applies  equally  against  such  an  hypothesis.  If  how- 
ever volcanic  products  be  supposed  to  come  from  several  miles  beh>w 
the  soiface,  1  see  no  obvious  reason  why  they  should  not  present  sim- 
ilar characteristics  everywhere.  No  conclusive  argument  can  well  be 
based  on  the  ditiferenoes  observed  in  the  sedimentary  strata,  becanse 
the  conditions  nnder  vhich  such  strata  are  deposited  are  obviously  of 
a  varied  character. 

In  various  passages  of  Frot  Prestwich's  discussion  of  the  state  of  the 
earth  one  is  apt  to  be  puzzled  by  his  falling  into  the  practice,  by  no 
means  uncommon  in  geological  writings,  of  employing  physical  terms 
with  a  view  to  oratory  rather  than  to  exposition.  For  instance,  he 
qpeaks  of  contraction  "due  to  the  yielding  of  the  weaker  lines  in  the 
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crust,  wlicii  tlie  tension  caused  by  t  he  excessive  stniin  (and  of  which 
the  first  order  u$  mos  enuint  is  ail  index)  overeomes  tlie  resistance,  and 
fractures  and  doubles  up  the  strata;"  and  he  adds:  '-Mountain  ranges 
are  in  tact  the  conchidin^  t-erin  of  the  stress  which  caused  thedcf'ornia- 
tiou  of  the  crust,  and  th»'  movements  which  at  those  times  took  i)hi(e 
must  have  been  inilueuced  by  the  greater  energy  of  the  strains  then  at 
work"  (p.  54(i).  It  is  difficult  to  see  here  what  is  intended  to  be  cause 
and  what  ell'ect.  In  fact,  while  a  number  of  terms  are  employed  which 
in  mathematics  and  physics  have  a  fairly  delinite  meaiuug,  I  must  con- 
fess my  inability  to  form  an  adequate  oonceptioa  of  what  is  meant  by 
the  passage  as  a  whole. 

Prof.  Prestwich  refeis  (pp.  543,  544)  to  the  hypothesis  of  the  late 
Prof.  E.  Bocho  (in  the  reference  to  which  a  misprint  gives  the  year  1861 
for  ld81)  as  supplying  something  of  the  kind  of  earth  he  wants.  Thos 
an  examination  of  Prof.  Rochets  work*  may  be  of  some  service. 

He  supposes  the  earth  to  consist  of  a  central  nnclens  or  "  bloc," 
homogeueons  bnt  for  a  possible  accumnlation  of  matter  of  greater 
density  at  the  center,  and  of  a  superficial  layer  of  lighter  material.  Of 
the  nucleus,  with  the  possible  exception  of  a  small  core  of  heavier  mat- 
ter, he  says,  Sa  density  calcul^e,  de  7  7«5,  indique  qu'eDe  est  m€- 
tallique,  sans  douteform^  de  fer  -  -  The  specific  gravity  of  the 
heavier  matter  which  may  possibly  exist  at  the  center  is,  he  says,  cer^ 
tainement  bien  inf<$rienr  [to  18],  probablement  10  on  12  (argent,  plomb),** 
p.  2S35.  The  outer  layer  or  crust  he  supposes  to  have  a  specific  gravity 
about  3,  and  a  thickness  of  about  one-sixth  the  earth's  radius.  Be- 
tween the  crust  and  the  nucleus  there  exists,  it  may  be  everywhere  or 
only  locally,  molten  matter  such  as  appears  at  the  surface  in  volcanic 
outbursts,  but  the  total  volume  occupied  by  this  must  be  small.  Prot 
Boche  takes  three  results  as  given,  viz,  the  earth's  total  mass,  the  eccen- 
tricity of  its  surfiuse,  and  the  ratio  of  the  principal  moments  of  inertia^ 
the  last  quantity  being  deduced  from  astronomical  data*  He  satisfies 
all  the  conditions  he  recognizes  by  the  aid  of  the  following  hypothesis 
regarding  his  nucleus:  ^  Oe  bloc  a  pris  sa  forme  definitive  sous  Finflu- 
enoe  d'nne  rotation  moins  rapide  qn'elle  n'estaigourd'hui,  et  il  a  con- 
serve PaplatLssement  correepondant,  malgrd  les  accroissements  suc- 
cessifb  de  vitesse  du  syst^me  resultants  de  sa  contraction  progressive  " 
(p.  232).  In  other  words,  he  assumes  the  nucleus  to  have  solidified 
before  the  crust  and  that  it  retains  its  shape  unaltered.  Thus  as  he 
regards  the  angular  velocity  as  increasing  in  consequence  of  the  dimi- 
nution  in  the  moment  of  inertia  through  contraction  in  cooling,  the  nu- 
cleus possesses  a  smaller  eccentricity  than  the  crust.  He  supposes 
only  a  small  difierence  in  the  length  of  the  day  at  the  dates  of  the  two 
soUdifications,  so  that  the  diUcrenee  between  the  eccentricities  of  the 
nucleus  and  crust  is  also  small.  This  however  in  no  way  justifies  bis 

*Aottdimie  -  -  <  lie  Montpellicr  Memoirm  de  la  Section  dca  SckHceg,  1680-1884,  tome 
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■hypothesis  tbat  the  nucleus  retains  its  Wn  in  unaltered.  If  its  material 
possessed  the  pn»i)r*rties  ol"  an  elastic  solid  the  eeccntricity  would  cer- 
tainly alt(n%  and  tu  an  extent  probably  quite  eonii)arable  with  the  alter- 
aiton  tliat  would  have  oecurrcd  if  it  had  remained  Huid.  Prof.  Roche 
sei  iiis  in  laet  to  treat  ids  nucleus  as  possessed  of  the  properties  of  the 
wln)lly  imaginary  perfectly  rTfriil  l  otiy.  lie  certainly  introduces  no 
equations  sm  h  is  <»u<»ht  to  liold  ovt^r  the  surfjice  of  an  elastic  solid 
spliert>id.  Tlu-  e  xact  vieM'  he  adopted  as  to  the  properties  of  solids  it  is, 
ho'we^  fM  .  diilicult  to  <leeide.  On  his  page  211  a  brief  statement  would 
imply  that  lie  did  not  re«:ai(l  each  elementary  layer  of  a  solid  sphere 
as  of  necessity  totally  self-supporting^;  hut  ou  pages  li23,  21*1,  where 
the  discussion  is  fuller,  he  says,  ^'Si  Ton  l  ejettc  la  complete  Huiditc  rle 
la  terre,  il  nVst  jdus  ])ossil)Ie  d'attribuer  a  la  oouipressibilite  de  se.s 
couclies  la  nicnie  inlluence.'^  ...  Dans  un  solide,  les  tensions 
latcrales  sotit  variables  et  ac€piierent  parfois  une  \  alenr  enoi  m*'.  C'est 
ainsi  iprune  «'onche  pourrait  se  soutenir  d'elle  menie  conmie  une  espee<»- 
lie  vofttc,  sans  peser  Rur  cellequi  est  an  dessous."  A  solid  layer  sup 
porting;  itself  like  au  iuxh  under  the  conditions  of  matter  near  the 
earth's  surface  treated  as  au  elastic  solid,  presents  strains  far  in  excess 
of  those  which  are  regarded  bere  as  coming  within  the  range  of  the 
umthematical  theory. 

On  various  grounds  it  seems  to  me  that  the  criticism  of  a  want  of 
elasticity,  though  hardly  in  the  sense  intended  by  Prof,  Prestwich,  may 
be  strongly  urged  against  Roche's  investigations. 

Some  remarks  of  M.  Rochets,  on  his  pages  240,  241,  throw  considera- 
ble light  on  his  standpoint  and  that  of  many  other  theorists:  ^'Les  as- 
tronomes  qui  persistent  li  admettre  la  fluidity  -  •  •  cheiehent  & 
binder  les  objections  do  Hopkins  et  do  Thomson,  en  attribaant  -  •  • 
au  liquide  central  nne  viscosity  assez  grande  pour  que  -  -  -  Fensem- 
ble  en  arrive  tonmer  tout  d'une  pi6ce  -  -  -  La  masse  tooruante 
oflfl^  une  telle  rigidity  qu'elle  est  assimilable  sous  ce  rapporti  i^  un  bloc 
Bolidifi^,  mais  admettre  cetto  assimilation  revient  4  d4poniller  le  milieu 
interne  des  propri^t^s  ordinaires  des  liqnides,  et  4  iui  en  conserver  le 
nom  tout  en  Pideutiflant  s\  un  corps  solide."  He  proceeds  to  point  out 
that  the  mere  question  of  a  name  is  of  no  acoouut,  considering  our 
ignorance  of  what  would  be  the  properties  of  matter  under  such  pres- 
sures and  at  such  a  temperature  as  the  theory  of  fluidity  would  lead 
to.  His  line  of  argument  is  not  very  clear,  but  there  is  no  hesitation 
apparent  in  his  conclusion:  <<En  effet,  la  pression  support^e  par  les 
couches  centrales,  dans  la  supposition  d'une  complete  fluidity,  d^pas- 
serait  deux  millions  et  demi  d'atmosph^res.  La  grandeur  m£me  de  ce 
nombre  est  4  elle  seule  une  objection  p^remptoire  ^  Phypoth^  qui  y 
conduit. 

Such  a  position  as  this  may  be  all  very  well  for  a  philosopher  who 
8upiK>86s  the  external  world  a  mere  idea,  the  private  property  of  his 
own  mind  and  so  neoessarily  obedient  to  laws  which  his  understanding 
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can  fully  grasp,  or  for  a  ftcientist  who  believes  the  earth  created  tor  the 
special  purpose  of  supplying  problems  of  precis^oly  that  amonnt  of  diffi* 
enity  which  lie  iiersonally  is  able  to  solve,  but  from  a  coiimion-sense 
point  of  view  it  seems  utterly  irrational.  No  physicist  or  geologist  lias 
any  reason  to  suppose  that  there  are  uot  Tinmerous  problems  whose  ftiU 
oomprehension  requires  more  extensive  knowledge  than  is  possessed  by 
himself  or  any  of  his  contemporaries. 

The  necessity  for  theories  has  been  ekKjuently  urged  by  l*rof.  Dar- 
win,* who  sajrs:  "A  theory  is,  then,  a  necessity  for  the  advance  of  sci- 
ence, and  we  may  regard  it  as  the  branch  of  a  living  tree,  of  which 
facts  are  the  ncmrishment."  Employing  this  sinule,  1  must  confess  thtit 
the  subject  treate«l  in  this  paper  resembles,  in  my  opinion,  a  trof  which 
combines  a  sad  deficiency  of  sap  with  a  great  supt^rtiuity  of  branches. 
It  will  1  dare  SJiy  be  generally  a<lmitted  that  the  premature  craving 
after  a  finality  of  knowledge  lias  been  responsible  for  numerous  fruit- 
less speculations  in  the  past,  and  it  seems  only  too  prob;i1>le  tfi  it  the 
impatience  of  tin-  mind  witii  its  own  ignorance  is  tlie  pi  incipai  founda- 
tion of  nuu'ii  ot  the  tlieory  of  today.  Tlie  satisfiiction  derived  from  the 
contem|)lation  *>f  simple  ant!  cotiijirf hensive  laws  may  miffieo  perhaps 
to  prove  that  ilu  |M»wers  oi  tii(3  miud  are  Uuiited,  but  hardly  that  the 
processes  of  nature  are  sinixile. 

*  Xaiuref  1886»  vol.  xxxiv,  p.  420,  Addien  to  British  Aaaooiation,  seotlon  A. 
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By  Ebwa&d  Obtoit. 


THX  nCPOBTANCE  OF  THE  PRODUCT. 

Natural  gas  derived  from  tlieTrenton  limostone  has  supplied  (inriiig 
the  h\^t  year  and  is  now  supplyinjx  all  the  fiu'l  ;iiid  a  wiusidrt  :ihlc  i>art 
of  the  artifH'ial  li^ht  tliat  is  used  by  at  least  tuur  hnndred  thousand 
pt^ple  ill  north wrsteiii  Ohio  and  in  central  fndiann.  Within  the  name 
limits  it  is  the  liasis  of  a  varied  line  ot  manufactures,  liie  annual  prod- 
uct of  whieli  will  make  an  aggregate  of  many  nuiiions  of  dollars,  iMore 
than  forty  ;rlass  liirnaces,  not  one  of  them  three  years  old.  are  now  in 
very  siK  I  (  >^ful  operation  within  the  territory  named,  while  iron  and 
steel  miiis,  i)orterie8,  and  brick  works,  and  a  long  list  of  faet<»ries  in 
which  cheap  power  is  a  desideratum,  have  been  built  up  on  ail  sides 
with  wonderful  rapidity. 

The  largest  gas  i)ioduction  of  the  Trenton  limestone  that  has  yet 
been  reached  is  to  be  credited  to  tlje  present  year.  A  well,  drilled  early 
last  summer  at  Stnai  tsvillc,  (*  miles  north  of  Findlav,  produced  through 
the  casing,  a  i)ipo  r>§  inches  in  diameter,  28,000,000  cubic  feet  of  gas 
every  twenty-l<jui  liours.  There  are  but  few  wells  in  any  field  that  ex- 
ceed these  figures.  Most  uf  the  wells  so  reporteii  have  been  estimated, 
not  measured. 

An  e»iually  astonishing  advance  has  been  mtide  in  the  oil  production 
of  this  rock  within  four  counties  of  northwestern  Oliio.  Single  wells 
drilled  during  the  last  year  have  begun  their  production  at  a  rate  of 
10,000  barrels  per  day,  and  more  than  200,000  barrels  of  total  produo 
tion  are  alrea<ly  to  be  cre<lited  to  single  wells  of  the  new  lield,  while 
a  considerable  number  have  passed  the  100,000-barrel  mark. 

THB  BOOK  FBESBVBB. 

The  rock  pressure  of  the  gas  is  a  vital  fiictor  in  all  this  jiroduction. 
Taits  energy  is  due  the  propulsion  of  the  volatile  fuel  from  the  wells 
where  it  is  relciuieil,  through  20,  30,  50  miles  of  buried  pipes,  to  the 

'  Hfiid  iK'lorc  tlie  Ct-uloyiriil  Societ  v  of  AiiKTica,  December  26^  18^.   (From  tlM 
SfUhUn  Oeolog.  Soo,  Amer.,  March  1,  1890,  vol.  i,  pp.  87-M.) 
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cities  wUk-Ii  it  .siiiqdii  s  wit li  \h*'  inisin'akablo  :iilvant5i*?es  t)t  Gascons 
fuel.  It  i&  the  8aiue  cause  that  litlU  the  oil  tiom  the  luek  iu  all  tlowing 
wells. 

Hy  rni  k  prpssiue  is  meant  tho  pr<*ssnre  \vhi(  h  a  jiaiigt*  shows  in  a 
well  til  It  !>.  lot  ktnl  in  after  fln'  drill  lias  rcaclu'd  the  pis  resiTVoir.  The 
iron  tubing  of  tlu^  well  becoiuus  by  tliis  nu'ans  a  part  of  the  reservoir, 
and  the  same  eonditions  as  toi)ressiii  e  are  sup£)osed  to  pertaiu  to  it 
that  are  luund  in  the  ])orons  rot*k  below. 

Tlie  rock  pressiin'  (tf  gas  varies  great  1\  in  ilitlerent  fields  and  to  a 
less,  bat  still  an  imi)oi  tant.  extent  in  dilViTcnt  portions  of  the  same 
held.  The  liiglu  st  nx-k  jiri'ssiue  recorded  in  the  Trenton  limestone  is 
about  iiiiii  pounds  Uy  the  square  iindi,  while  there  are  eonsuli'rable  por- 
tions of  the  gas  t4'rritorv  that  ut  v^r  rearh  .'UM>  pnnnds  ]iiessui(!  per 
s<piare  ineh.  Tlie  original  pressure  in  the  Findlay  i'lM  w  as  4."iU  pouniis, 
varying  somewhat  in  wells  of  dilb  ient  depths.  In  the  Wood  County 
field,  from  wiiich  the  largi'st  amount  of  gas  is  now  being  eon veyed  to 
Ohio  <M*ties.  the  original  pressure  ranged  I'rom  420  to  ISO  pouinls,  the 
general  pressure  being  eounted  460  pounds  lo  the  sipian-  inch.  Tlu-re 
wert»  occasional  re(  i)r(ls  made  of  still  hiulici'  i)ressure  in  siiigh*  wells, 
bill  ol  .^ueh  eases  the  number  is  very  small,  ami  the  existenee  of  these 
ajiomalous  jn-essnres  was  short  lived. 

I*assing  t^)  the  westward,  tln»  gas  wells  of  Aughiize  and  wien  er  e«nii- 
ties  show  a  de(Mde<l  reduction  in  <M  iginal  roek  pressure  as  eom paired 
with  Findlay,  t  hough  the  depths  of  the  wells  renuiiu  the  same  as  in  that 
field.  The  highest  pressure  recorded  in  Mercer  County  is  ,iOO  pounds 
to  the  scpnire  inch^  but  no  gauge  was  applied  to  the  wells  until  tliey 
bad  been  allowed  to  discharge  withoat  restraint  for  several  niontlus, 
while  375  and  350  pounds  mark  the  extreme  limit  of  other  portions  of 
this  district 

In  the  Indiana  field  a  Atill  fhrtlier  reduction  of  rock  pressure  is  to  be 
noted.  The  range  of  the  prineiital  Indiana  wells  is  between  250  and  335 
pounds  to  the  sciuare  inch.  The  Indiana  gas  wells,  as  compared  with 
Ohio  gas  wells,  are  marked  by  a  reduction  in  total  depth,  as  well  as  in 
rock  pressure,  the  figures  for  depth  in  the  productive  territory  seldom 
or  never  passing  1,000  feet. 

How  can  these  variations  be  accounted  forf  Back  of  this  queatiott 
is  a  larger  one,  viz:  What  is  the  origin  of  the  rock  pressure  of  natural 
gasT 

THEORIES  OT  ORIGIN  OP  ROCK  PRESSURE. 

Considering  its  importance,  the  main  question  has  received  less  <'on- 
Bideration  than  would  naturally  be  expected.  The  known  literature  of 
the  subject  is  very  meager.  l*rof.  J.  I*.  T.cshn'.  in  the  Anuutd  Rrport 
of  the  Poimylmnia  ISifrrn/  fov  l.S.s.l,  discnsst'd  tlie  question  at  greater 
length  than  any  other  geologist,  so  far  a.s  I  know.   In  a  paper  pub- 
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lished  in  tlie  Americau  Muidijavturvrj  May  27,  1H87,  1  threw  out  n  tew 
suggestious  as  to  tlif  cause  of  roek  pressure,  and  thes<'  sn;i^'e.stiou8  1 
aflerwartls  expaiuleii  into  a  more  extended  statement,  in  th»'  sixth  vol- 
ume of  the  (l<()logi/  of  Ohio,  j>.  JHi.  i'rot.  I.  ('.  White  reminds  me  that 
he  suggested  an  explanation  in  the  jouiual  uamed  above  ut  au  earlier 
date  than  eitlier  of  those  pfiven. 

The  men  who  are  euj:a;^«*(l  in  the  jiraetical  (U'velopment  of  ga8  and 
oil  fields  nuike  great  aeeount  ot  loek  |>ressure.  It  is  the  tirst  fact  that 
they  inquire  after  in  a  new  ^as  field.  Tliey  appreciate  its  importance 
in  whatever  utilization  of  the  gas  tiiey  may  propose, knowing  that  the 
distam  e  uf  the  mnrliets  that  they  can  reaeli  and  tlie  size  of  the  pipes 
that  they  <'an  employ  are  entirely  dei)eu<leiit  111*011  this  element,  i  liest^ 
praetieal  men,  so  ealh'd,  are  as  is  well  known,  among  the  most  ven- 
turesonit oftlieorists,  and  a  question  like  this  would  not  be  likely  to 
he  h'lt  unanswered  by  them.  A  certain  rough  correspondence  that 
existij  between  the  dej^th  and  the  roi-k  pressure  of  wells  is  made  of  great 
account  in  explanations  tliat  they  offer.  In  otlier  words,  the  pressure 
is  supposed  to  be  due  to  the  weight  of  the  overlying  rocks;  and  next 
to  this  we  find  among  them  the  expausive  force  of  gas  the  favorite  ex- 
planation of  the  phenomenon. 

In  the  i)aper  of  Prof.  Lesley,  already  referred  to,  the  learned  author 
suggests  the  two  iM)ssible  explanati<uis  of  rock  jjressure  already  named, 
and  to  this  he  adds  a  third,  viz,  hydraulic  pressure;  but  he  adds  this 
t^xplniiation  only  to  reject  it  as  a  true  cause  of  the  ])henomenon  under 
discussion.  The  absurdity  of  the  more  commonly  received  explanatiou 
of  roi^k  pressure,  as  due  to  the  depth  of  the  well— in  otlu-r  M  ords  to  the 
weight  of  the  overlying  touutry — lie  84'-ts  id  such  clear  light  in  his  dis- 
c'ussi<m  that  uo  further  consideration  of  thiti  is  requireti  on  the  part  of 
those  who  arc  open  to  reaiion.  Until  we  can  prove,  or  at  least  render  it 
probable,  that  the  gas  rocks  have  lost  their  cohesion  and  that  they  exist 
at  the  depths  of  storage  in  a  crushed  or  commiuuted  state,  no  explana- 
tion can  be  based  npou  the  weight  of  the  overlying  rock  in  account- 
ing for  the  fon;e  with  which  the  gas  escai>es  from  its  reservoirs  when 
they  are  penetrated  by  the  drill.  Prot  Lesley  throws  the  whole  weight 
of  his  authority  in  favor  of  the  view  that  the  gas  produces  its  own 
pressute  like  gas  generated  by  chemical  reae^tion  in  a  closed  vessel.'^ 
Tbis  explanation  certainly  leaves  something  to  be  desired,  for  it  fails  to 
account  for  the  most  significiiut  and  important  facts  in  this  connection, 
viz,  the  difference  of  rock  pressure  in  different  localities  and  at  differ- 
ent depths.  To  accept  it,  brings  us  no  advantage  whatever  beyond  the 
satisfaction  that  we  may  feel  in  having  an  answer  at  hand  that  can  be 
promptly  given  to  a  troublesome  inquiry. 

For  my  own  part,  I  have  felt  certain  for  more  than  two  years  that  the 
rock  pressure  of  gas  in  the  Trenton  limestone  of  Ohio  and  Indiana  is 
hydrostatic  in  origin,  and  I  have  published  a  number  of  facts  that 
seem  to  me  to  give  support  to  this  view.  I  find  that  some  sagaeions 
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operators  in  the  new  gas  and  oil  fields  are  coming  to  the  Sttme  ground. 
Tliey  have  become  thoroughly  natisfied  by  their  own  experienceB  that 
the  root  of  rock  pressure  ia  to  be  found  iu  the  water  column  that  stands 
connected  with  the  porous  rock  iu  which  the  gas  aud  oil  are  contained. 
In  the  present  paper  I  desire  to  present  to  the  Geological  Society 
a  few  facts  and  conclusions  bearing  upon  the  subjects 

THJB  DATA  FOB  THE  HYJ)KOSTATlC  THEORY. 

The  first  question  is,  What  are  the  facts  as  to  the  rock  pressures  of 
the  gas  rock  in  question  and  what  relations  do  they  bear  to  the  depth 
of  wells  and  other  conditions  in  the  Trenton  limestone  f  The  answer 
is  not  as  full  and  definite  as  may  be  expected,  certainly  not  as  may  be 
desired.  There  is  but  one  datum  in  the  development  of  a  gas  field  in 
which  the  normal  gas  pressure  can  be  ascertained,  and  that  is  when 
the  first  well  reaches  the  reservoir  and  releases  the  long-imprisoned 
and  greatly  compressed  gas.  But  often  this  favorable  opportunity  is 
lost,  and  gauges  are  not  applied  to  wells  until  the  energy  of  the  first 
flow  is  somewhat  abated.  Again,  diflferent  wells  in  the  same  field,  aa 
Findlay,  for  example,  give  diiferent  results.  The  wells  vary  with  the 
depth  at  which  the  gas  rock  is  found.  This  fiictor  is  found  to  be  an 
essential  one,  as  will  presently  be  shown,  in  connection  with  rock  pres- 
sure. Moreover,  gauges  are  sometimes  inaccurate  and  their  enors 
come  in  to  confuse  the  study  of  the  subject.  Furthermore,  the  exact 
depth  of  the  wells  and  the  exact  altitude  of  the  surface  where  they  are 
located  can  not  be  ascertained  in  all  cases.  Small  errors  of  this  sort 
must  be  provided  for,  and  there  also  enters  into  the  discussion  a  ques- 
tion as  to  the  specific  gravity  of  the  water  which  is  to  be  made  the  mov* 
ing  force  of  gas  and  oil.  The  water  found  iu  association  with  these 
substiinces  is  never  fresh.  It  is  always  saline  and  often  hif^hly  miner- 
alized. The  weight  of  fresh  water  to  the  square  inch  is  0.4*^285  pound 
for  1  foot  in  height  (I  use  Professor  Lesley's  tables).  The  iiverage 
weight  of  sea  water  is  0.445  pound  to  the  square  inch  for  1  foot;  but 
the  mineral  waters  with  which  we  find  the  Trenton  limestone  saturated 
often  reach  a  nuich  higher  figure.  An  examination  of  several  speci- 
mens shows  that  a  column  1  foot  high  would  weigh  to  the  scpiare  inch 
0.470  pound.  In  fact,  some  of  these  wnt<'rs  are  more  like  bitterns,  and 
their  columns  would  equal  or  exceed  0.5  iiound  per  foot. 

Bearing  these  several  soureesof  ambiguity  or  uncertainty  in  mind,  wc 
can  consider  the  records  of  pressure,  depth,  and  the  other  Aictora  that 
are  accessible.  The  figures  as  to  pressure  have  already  been  summa- 
rized in  a  i)receding  paragraph,  but  they  will  be  r^Kiated  in  an  accom> 
panying  tabular  statement.  Before  coming  to  this,  however,  let  me  in 
the  briefest  terms  review  the  conditions  under  which  gas,  oil,  and  salt 
water  exist  in  the  Trenton  limestone.  The  up[)ermost  be«ls  of  the  great 
Trenton  formation  in  northwestern  Ohio,  central  and  northern  Indiana, 
Michigan,  Illinois,  and  Wisconsin  consist  of  a  porous  dolomite  5, 50, 100, 
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or  even  ISO  feet  in  thickness.  Sometimes  the  dolomite  is  fouud  in  a 
continuous  body,  but  oftener  in  interrupted  beds.  This  pai-t  of  the  for- 
mation has  outcrops  in  the  Manitoulin  islands  of  Lake  Superior  and  in 
the  Galena  limestone  of  Illinois  and  Wisconsin.  Inthegasand  oil  fields, 
it  is  found  lying  in  terraces  and  monoclines,  or  flat  arches,  800  to  1,500 
fi  et  below  the  surface;  and  these  several  features  effect  tlie  separation 
of  the  varied  contents  of  the  porons  rock,  The  boundaries  of  gas,  oil, 
and  salt  water  are  easily  determinable  and  are  S(;nipu1ou8ly  maintained 
in  the  rock,  except  that  as  soon  as  development  begins  the  salt  water 
is  always  the  aggressive  and  advancing  element.  When  the  drill  de- 
scends into  the  gas  rock  proper  dry  gas  escai>es;  when  into  the  contig- 
uous and  lower-lying  terrace,  oil  accompanied  with  gas  ai)pears,  as  al- 
ready described;  but  at  a  little  lower  level  salt  water  is  struck,  and  this 
rises  promptly  in  the  well,  sometimes  to  the  point  of  overflow.  Far  out 
from  the  narrow  ridges  or  restricted  terraces  where  gas  and  oil  are  tV»nnd 
the  salt  water  reigns  undistnrl>e<i,  and  wherever  reacljcfl  hytlie  drill  it 
rises  in  the  wells  as  in  those  already  described.  ItwouldlM  in  dicliigh- 
est  degree  absurd  to  connt  tlie  little  ])ockets  of  gas  that  are  found  in 
tlie  arches  tlie  (  ause  of  the  ascent  of  this  ocean  of  salt  water  a  score 
or  a  hiindnMl  miles  away.  The  rise  of  the  salt  water  is  unmistakably 
artesian.  It  depends  on  hydrostatic  pressure,  as  does  the  llow  of  all 
artesian  wells,  and  its  head  must  l)e  sought,  as  in  other  like  flows,  in 
the  higher  portions  of  the  stratum  that  are  contiguous. 

The  nearest  outcrops  of  this  ])orous  Trenton  have  been  already 
nnined.  They  are  found  in  the  shores  of  Lake  Superior  at  an  altitude 
ut  about  (500  fci  t  above  tide.  It  is  certaiidy  signilicant  that  when  an 
abundant  ilow  of  salt  water  is  struck  in  a  boring  in  northern  Ohio  or 
in  Indiana,  no  matter  at  what  depth,  it  rises  generally  about  to  tho  level 
of  Lake  Superior;  or,  in  othe^  words,  about  600  feet  above  tide.  If  the 
mouth  of  the  well  is  below  this  level,  as  is  the  case  in  the  Wabash  Val- 
ley, the  salt  water  overflows.  On  the  shore  of  Lake  Erie  the  water 
rises  to  within  20  feet  of  the  surface;  in  Findlay,  to  within  200  feet. 
The  height  to  which  the  salt  water  rises  in  any  portion  of  the  field  is 
one  of  the  elements  to  b«'  used  in  measuring  the  force  whiuli  can  be 
exerted  on  the  gas  and  oil  that  are  caught  in  the  traps  of  the  terraces 
and  arches  of  the  porous  Trenton  limestone. 

Why,  then,  is  not  the  rock  pressure  of  the  gas  the  same  in  all  por- 
tions of  the  new  horizon  ?  For  the  <»1a  ious  reason,  I  reply,  that  there 
is  a  varying  element  involved,  viz.,  thr  depth  of  the  rock  below  sea  level. 
'ilic  surface  elevations  at  the  wells  vary  greatly,  and  the  wells  of  the 
same  depth  consequently  find  the  gas  rock  in  very  different  relations 
to  sea  level. 

TH£  X£SX  OF  IBK  UYUBOSIATIC  THEOBY. 

It  is  obvious  that  if  an  explanation  of  the  rock  pressure  of  the  Tren- 
ton limestone  gas  is  attempted  ou  this  basis,  there  are  facts  enough 
now  at  command  to  substantiate  or  overthrow  it.   By  the  facts  it  must     , .  , 
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stand  or  fall.  In  the  accompanying  table  1  have  indicated  the  follow- 
ing liues  of  tacts  as  to  strictly  representative  wells  in  the  Icadinjjj  dis- 
tricts of  the  new  j^as  fields,  viz,  (1)  location,  (2)  depth  at  w  hich  nan  is 
found,  (^)  relation  of  tliis  depth  to  sea  level,  (4)  the  initial  rock  pres- 
sure of  the  jius.  in  regard  to  the  last  line  of  facts  I  have  taken,  in 
almost  all  eases,  ttgiu-es  that  I  have  myself  verified.  (5)  A  fifth  columu 
I  add,  ill  wliiehthe  pre8.su re  due  in  the  partit  ular  well  is  calculated 
from  tlie  two  followinjr  elements,  viz,  an  a^sinnrd  elevation  ui  the  salt 
water  to  the  Lake  Superior  level,  or  (KiO  feet  above  tide;  and,  secondly, 
an  assiunetl  specific  gravity  of  the  salt  water  of  tbe  Trentou  of  1.1, 
w  hich  gives  a  weight  of  0.470  pound  to  the  foot. 
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These  Hgures  seem  to  me  to  settle  the  questiou  as  to  tbe  origiii  of  the 
rock  pressure  of  the  gas  in  this  formation^  I  feel  sure  that  nUser  de- 
terminatlous  of  the  facts  iuvolved  as  to  altitude  and  depth  would  bring 
a  still  closer  agreeitu^iit  between  columns  four  and  five.  I  will  ask  you 
to  note  in  particular  the  facts  as  to  the  St  Mary's  and  the  St.  Henry's 
wells.  They  have  practically  the  same  depth,  1,169  and  1,156  feet;  - 
but  there  is  a  difference  of  38  feet  iu  the  depth  of  the  gaa  rock  with 
reference  to  sea  level.  There  is  a  corresponding  difference  in  the  rock 
pressnreof  15  pounds,  as  recorded.  Tbe  difference  in  rock  pressure 
due  to  this  38  feet  by  calculation  is  13.8  pounds,  or,  practically,  15 
pounds,  I  presume  that  column  five  is  as  near  the  truth  in  this  par- 
ticular as  coliimu  four.  The  gauge  would  quite  certainly  be  reported 
385  pounds  if  it  lacked  but  1  or  2  pounds  of  that  number. 

THE  LAWS  OF  GAS  rBODUOTlON. 

The  laws  of  gas  and  oil  production  and  accamulation  are  coming  to 
light  more  clearly  in  tbe  flat  country  of  Ohio  and  Indiana  than  tiiey 
have  ever  done  among  the  bills  and  valleys  of  the  older  Alleghany 
fields.  As  it  seems  to  me^  no  more  important  deduction  from  the  new 
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distncts  has  Ikm  ii  rtaclied  than  Hhi  law  now  stated,  \  iz:  The  rovk  pira- 
sure  of  Tn  ntoH  limeMone  (fan  h  due  to  a  Halt-water  cnlumn^  measured 
from  nhont  (10()  feet  ahorr  iidr  to  the  level  of  the  stratum  ivhich  yU'hh  Ihe 
(jUH,  Tlie  column  l  uu  he  (.unveniently  oouiiUd  as  made  up  of  two  partes, 
viz.,  a  fixed  length  of  000  feet  added  to  the  depth  ot  the  gas  rock  below 
tide. 

If  this  oxi>laijation  is  accepted  as  satisfactory  fur  Tmiton  limestone 
giis,  I  vonture  to  suggest  that  the  fact  will  go  a  great  ways  towards 
rendering  probable  a  like  explanation  for  rock  pressure  in  all  other 
gas  fields;  but  I  will  not  at  the  present  time  venture  to  extend  it  be- 
yond the  limits  I  have  named.  I  am  aware  of  certain  fa<'ts,  or  at  least 
siippcMied  facts,  fiom  the  older  fields  that  seem  difiicult  of  explanation 
on  this  basis. 

There  are  a  few  obvious  inferences  from  tbis  law  to  which  I  yenture 
to  call  yotir  attentioii  in  closing  this  paper: 

( 1 )  There  is  no  danger  that  the  great  gas  reservoirs  of  to-day  will 
'«cave  in''  or  ^<blow  up^  after  the  gas  is  withdrawn  firom  them.  The 
gas  will  not  leave  the  poms  rock  until  the  salt  water  obligesit  to  leave 
by  driving  it  oat  and  taking  its  place. 

(2)  This  doctrine  lays  the  ax  at  the  root  of  all  the  optimistic  theories 
which  blossom  ont  in  every  district  where  natural  gas  Is  discovered, 
and  especially  among  the  real-estate  operators  of  each  new  field,  to  the 
efi'ect  that  nature  will  not  finil  to  perpetually  maintain  or  perpetually 
renew  the  supplies  which  we  find  so  delightiully  adapted  to  our  com- 
fort and  service.  So  far  as  we  are  concerned  it  is  certain  that  nature 
has  done  about  all  that  she  is  going  to  do  in  this  line.  In  her  great 
laboratory  a  thousand  years  are  as  a  single  day. 

(3)  Ko  doctrine  could  exert  a  more  healthfbl  influence  on  the  commu- 
nities that  are  enjoying  the  inestimable  advantages  of  the  new  fhel  than 
this.  If  it  were  at  once  accepted  it  would  add  years  to  the  duration  of 
these  precious  supplies  of  power.  The  ignorant  and  reckless  waste 
that  is  going  on  in  the  new  gas  fields  is  lamentable.  The  worst  of  it 
comes  from  eil^  and  village  corporations  that  are  bringing  the  gas 
within  their  boundaries  to  give  away  to  manufacturers  whom  they  can 
induce  on  these  terms  to  locate  among  them.  To  characterize  the  use 
of  a  million  feet  of  natural  gas  a  day,  in  a  single  town,  for  burning  com- 
mon brick,  for  example,  or  in  caldniug  common  limest>one,  there  is  a 
good  word  at  hand,  >iz.,  randallfrm, 

(4)  If  this  doctrine  of  the  rock  pressure  of  gas  is  the  tnie  one,  the 
geologists  who  have  to  deal  with  the  subject  and  the  communities  that 
have  found  a  supply  owe  it  to  themselves  to  keep  it  prominently  before 
the  people  who  are  especially  interested.  They  may  make  themselves 
temporarily  disagreeable  thereby,  but  by  just  so  far  as  they  convince 
those  that  are  interested,  they  lengthen  tiie  liie  of  these  precious  sup- 
plies. 

U.  Mis.  334,  pt.  1  ^11 
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liiE  DURATION  OF  OAS  SUPPLY. 

Judging  fi*om  tbe  present  indicntiona,  tbe  Trenton  limestone  gas  of 
Ohio  is  not  likely  to  be  long-lived.  It  seems  entirely  probable  tbatthe 
term  of  its  fUrther  duration  can  be  stated  within  the  limits  of  nnmbers 
that  are  expressed  by  a  single  digit.  In  considerable  sections  of  the 
field,  the  salt  water  is  very  aggressive.  It  leqoires  a  steadily  increas- 
ing pressure  on  the  wells  to  hold  it  back.  In  one  district  last  year,  one 
hundred  and  twenty-five  pounds  pressure  would  keep  the  gas  diy,  while 
now  two  buudred  pounds  are  required  for  the  same  purpose. 

There  is  likely  to  be  great  disappointment  in  regard  to  what  is  called 
gas  territory.  The  pressure  and  volume  of  large  areas  are  found  to  Cul 
together.  Wells  dmw  their  supplies  from  long  distances.  A  &rm,  or 
even  a  mile  8(iuare  Koctiou^  may  be  efiectuaUy  drained  of  its  gas  with- 
out a  well  being  drilled  upon  it. 

Natural  gas  is  a  very  admirable  product,  but  its  highest  office,  after 
all,  should  be  to  prepare  the  way  for  something  better  than  itself,  viz., 
artificial  gaseous  fuel — better,  for  the  reason  that  while  it  furnisher  all 
the  iotrinsic  advantages  of  natural  gas,  it  will  be  free  from  the  inevita- 
ble disadvantages  of  treasures  secured  in  the  way  in  which  the  stores 
of  the  great  gas  fields  have  been  gained. 
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The  hot-water  foantains,  callod  geysera,  an^  natural  wonders  that  are 
of  general  as  well  as  acientitic  iiiteix^^st.  The  striking  niauifestation 
whieh  tliejr  afford  of  tlic  earthen  internal  heat,  their  irreat  beauty,  and 
novel  8iim)unding8  make  them  indood  worthy  of  that  wide-spread  inter- 
est which  they  arouse,  and  it  is  in  tlie  ho]>o  of  {jratifyinp:  a  fjeneral  cu- 
riosity concerning  these  wonderful  fountainB  that  the  present  paper 
h;w  been  written. 

At  the  outset  of  this  inquiry  into  the  nature  and  occnrrcncc  of  those 
natural  steam  cn<;ines  it  is  necessary  to  exactly  define  what  is  a  ;rey- 
ser?  Hrieriy,  a  jxeysf  r  is  a  hot  spriii;,'- wliich  intcnnittently  ejects  a  col- 
umn of  IxtiliiiiLr  watiT  and  steant.  Uefore  attenii>tiii<r  to  present  such  a 
general  account  of  tlie  vari«His  gt-yser  regions  of  the  world  as  will  on- 
able  the  reafler  to  follow  the  (icducti<uis  derived  from  a  study  of  the 
o<'curreii(  (  ind  tlie  characteristics  of  geysers,  it  maybe  well  tu  present 
asnmniai  y  of  the  ]»aper. 

It  is  believed  that  the  fact,s  rticordcd  in  this  article  show: 

First.  That  «xe\  sers  occur  oidy  in  voh  anic  regions,  and  in  acid  vol- 
canic rm'ks.  lu  leelaiul  and  New  Z(  iland  the  volcanic  tires  an-  still 
active.  In  the  Yellowstone  region  the  lavas  are  cbietiy  of  pre-glacial 
age. 

Second,  ficysers occur  only  ahuig  lines  oS  <li  ;unage,  on  shores  of  lakes 
or  other  siuiati<ms  where  mot^'oric  waters  would  initurally  seek  the  sur- 
faic.  l  >nheated  waters  are  often  found  issuing  in  close  proximity  to 
geysers. 

Third.  Geyser  waters  arc  niet^-oric  waters  which  have  not  penetrated 
to  great  depths  hut  have  been  heated  by  as< ciidin;;  \  aiKus. 

Fourth.  The  supply  of  heat  is  derived  from  great  masses  of  lava 
slowly 'M  ol in;;  from  a  state  of  former  incandescence,  heating  waters, 
which,  descending  to  the  hot  rocks,  ascend  as  highly  iieated  vapors. 

Fifth.  The  intennittent  s|>outing  ot  ;;cysers  is  due  t<»  the  gradual 
he;iting  of  water  accumulated  in  tissures  or  tnlies  in  tiie  rocks,  tiieonly 
mechanism  necessary  being  a  tube,  which  may  or  may  not  have;  local 
expansions  or  chambers. 
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Sixth.  GeyserBtnay  oi  i^^iiiate  in  tuevenil  %vuy.^)  though  most  comnionly 
prmi  Hired  hy  the  oponiiij?  of  new  waterways  along  fissure  planes  of  the 
rocks,  by  si  griidual  eating  out  of  a  tabe  by  ascending  hot  vapors. 

Seventh.  The  thermal  activity  of  gt'.yser  regions  is  not  rapidly  <lyiiig 
out.  The  decrease  of  heat  is  very  slow,  and  though  changes  takephiee 
from  year  to  year,  the  establishment  of  new  geysers  and  new  hot  springs 
offsets  the  decay  or  drying  up  of  old  vents. 

Attempts  to  solve  the  mysterious  spouting  of  geysers  date  back  to 
the  earlier  part  of  the  present  epoch  of  scientific  research,  and  the 
genius  of  Bunscn  and  Deseloiseaux  was  devoted  to  a  study  of  the  Ice- 
land geysers  as  early  as  1847.  The  most  important  result  of  their  ex- 
periments and  observations  was  a  theory  of  geyser  action,  now  (with 
slight  modifications)  generally  accepted,  but  other  conclusions  have 
lately  been  proven  by  observations  mside  in  the  Yellowstone  Park  to  be 
erroneous.  Although  numerous  visits  to  the  geysers  of  Iceland  by 
later  observers  led  to  various  ingenious  speculations  and  theories  re- 
specting geyser  eruptions,  the  questions  of  geyser  origin  and  the  sig- 
niflgauce  of  their  occurrence  and  other  questions  of  broader  scope 
were  not  touched  upon. 

The  discovery  of  the  geysers  of  New  Zealand  appears  to  have 
awakened  interest,  more  because  of  the  wonderfully  beautifhl  terraced 
basins  about  the  geysers  of  Rotomahana  than  from  any  appreciation 
of  the  opportunity  afibrded  for  a  study  of  the  geysers  themselves,  their 
relations  to  the  geological  structure  of  the  country,  or  their  raUon 
(Vvtre;  and  not  until  the  mapping  and  study  of  the  Yellowstone  geyser 
basins  was  ni:ule  by  the  Hayden  Survey,  was  there  the  slightest  attemjit 
to  look  at  ihe  broader  questions  awaiting  sohition.  In  his  final  re|>ort, 
after  giving  an  account  of  various  theories  of  geyser  action,  Br.Peaie 
discusses  very  briefly  various  pecularities  of  geysers  and  the  supposed 
influence  of  atmospheric  charges  and  concludes  with  a  sUitement  of 
the  three  conditions  he  believes  to  be  uecessary  to  tlie  existence  of 
geysers  wliich  are  essentially  confirmed  by  the  long  continued  study  of 
the  Yelh)\vstoue  region  by  the  writer. 

lu  looking  at  tlie  distribution  of  geysers  in  various  parts  of  the 
world  one  is  quickly  impressed  witii  their  great  rarity.  Hot  springs 
abound  in  many  countries,  but  boiling  springs  are  characteristic  only 
of  regions  of  recent  (that  is  geologically  recent)  volcanic  activity  j  it  is 
only  in  such  regions  that  geysers  occur.  Until  late  in  this  century 
Iceland  was  the  only  land  wlicre  geysers  had  been  found.  Less  than 
forty  years  ago  they  were  discovered  in  considerable  numbers  in  New 
Zealand,  and  since  then  a  few  others  have  bei'n  reported  from  other 
l^arts  of  the  world.  The  "  Geyst»rland'' of  the  world  is  undoubtedly, 
however,  the  Ycllowstoue  National  Park,  a  region  situated  in  the  heart 
of  the  Tiocky  Mountains,  at  tlir  head  waters  of  the  Missouri  and  Yel- 
lowstone, iiud  discovered  so  lat^  as  IbiiU. 
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III  order  to  bring  before  the  readier  a  jyenoral  idea  of  the  true  relation 
of  jreyser  vents  to  the  surrouudiiij?  topography  and  water  courses  of 
tb«'  (iistricts,  a  brief  description  of  tlie  three  j;reat  geyser  regions  of 
the  worhl  will  bo  attempted.  It  has  been  my  good  fortune  to  have 
spent  seven  suniiiiurji  al  the  various  geyser  "  basins  "  of  the  Yellow- 
bUmv  in  connection  witli  my  duties  as  assistant  geoh);j:ist  on  the  U.  S. 
Geological  Survey  party,  under  Arnold  Hague.  Tin*  other  regions  are 
familiar  from  a  lar<;e  scrii^s  of  excellent  photograpl is  as  well  as  through 
the  descriptions  of  friends  and  the  writings  of  other  visitors  to  those 
couii  tries. 

THB  lOELAUD  aSTSBBS. 

Iceland  is  the  birtliplace  oi'  the  word  ircyser.  It  has  been  called  the 
land  of  frost  and  fire,  and  indeed  in  no  place  are  the  evidences,  nay  the 
very  forces  themselves,  of  frost  and  fire  brought  so  forcibly  in  contrast. 
The  island  is  eminently  a  volcanic  region,  a  central  table  land  with 
sharp  volcanic  peaks,  hooded  with  gre^t  Jokuls  or  glaciers,  man- 
tled with  perpetual  snows,  and  surrounded  by  a  more  or  less  narrow 
atrip  of  lowland  bordering'  upon  the  sea.  The  evidences  of  internal 
fire  are  unmistakable.  Hecla  and  other  volcanoes  are  occasionally 
active,  and  the  wIkiIc  inland  is  covi-re*!  with  lava  poured  out  by  the 
volcanoes^  and  the  source  of  the  heat  supplying  the  geysers  is  uuqueS' 
tionwl. 

As  would  naturally  be  expected  from  the  combination  of  wat^r  and 
fire,  hot  springs  are  abundant  and  ;\t  a  few  localities  geysers  are  found. 
The  most  noteworthy  of  these  is  Maukadal,  where  The  Geyser,  Strokr, 
and  a  smaller  geyser  are  found.  This  locality  is  about  70  miles 
from  Keykiavik,  the  Iceland  metropolis,  and  is  only  reached  on  liorse- 
bai  k  over  beds  of  clinkers  and  rough  lava  fields;  a  dreary  ride  so  far 
as  scenery  goes,  but  of  fresh  novelty  to  visitors  fi-om  warmer  lands. 
The  hot  springs  are  clustered  in  an  an  a  of  about  20  acres,  at  the  base 
of  a  hill  abcmt  an  eighth  of  a  milc!  long  and  300  feet  iiigi»,  and  at  the 
edge  of  the  marsliy  bottom  that  stretches  out  toward  the  Ilvita  Kiver. 
The  springs  are  really  at  the  base  of  the  seaward  border  of  the  high 
grounil  where  the  waters  that  have  percolated  through  the  tufa^s  and 
ponms  lavas  of  the  higher  region  would  come  to  the  surface.  The  two 
geyvsers,  Strokr  and  The  Geyser,  issue  from  mounds  of  gray  or  white 
silica  deposited  by  the  hot  waters,  and  the  neighboring  s])rings  are  sur- 
ronnded  by  lesser  iureas  of  the  same  material,  while  on  the  hillside  back 
of  the  springs  the  rock  is  decomposed  by  the  steam  of  fumeroles.  These 
two  large  sponters  show  two  types  of  geysers.  Strokr  has  a  funnel-like 
pit  36  feet  deep  and  8  fioet  across,  (see  fig.  1,  page  L74,)  expanding  into 
a  aancer-like  basin.  The  tube  is  generally  flUod  to  within  6  feet  of  the 
top  with  clear  water,  which  boils  ftirionsly,  owing  to  the  escape  of  great 
babbles  of  steam  coming  firom  two  openings  in  opx^osite  sides  of  the 
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tube.  The  erui)tioiis  are  quite  as  beautiful  as  those  of  its  mure  famous 
companion,  the  jets  risiii«r  in  a  slieaf-like  i-ohiinn  to  a  lu  ifilit  of  KM)  or 
more  IVet,  (M  uptioiis  takiiijr  plaee  nt  very  irreguhir  and  h)ni^  iutei  vHls; 
,  but  by  putting  a,  lid  on  tins  s^i cat  kettle,  by  duni])ing  iu  lai'go  incites 
of  turf,  an  eruption  can  hv  [tro(iu(  (  <]  m  :r  slmrt  time. 

The  Geyser,  on  the  <'ontrarv,  is  a  pool  «>t  Iiini)id,  <;reen  wat4»,r  who?^ 
surface  rises  ami  falls  in  rli ytliuiie  pulsations.  The  usual  tempei  ature 
is  but  170*^  V.  or  iMM)  l l)ut  \  aries,  bein<?  pfreater  immediately  before 
an  eruption.  The  shallow,  saucer  like  basin  is  about  00  feet  across  and 
slopes  gently  to  a  cylindrical  shaft  10  feet  in  diameter,  forming  the  pii>e 
of  the  geyser;  this  is  about  70  ie<*t  deep.  This  regularity  of  the  tube  be- 
comes important  wlien  we  consitler  r.unsen^s  experiment*  and  the  tlie<»ry 
of  geyser  action  he  deduced  from  them.  Before  an  eruption  bubbles 
of  steam  entering  the  tube  suddenly  collapse  with  loud  but  mutlled  re- 
ports and  a  disturbance  of  the  quiet  surface  of  the  water.  During  this 
simmering,  for  such  it  is,  the  water  rises  in  dome-like  mounds  over  th« 
l»ipe  and  overflows  the  basin,  running  down  the  terraced  slope  and  wet- 
ting the  cauliflower-like  forms  of  sinter  tbat  adorn  it. 

The  eruptions  that  so  long  puzzled  and  astonished  visitors  to  this  re- 
mote land  are  surpassed  by  tbose  of  the  plants  of  the  Yellowstone, 
bnt  tb^r  beauty  is  not  less.  A  short  time  before  Geyser  plays,  the 
domes  of  water  rising  in  the  center  of  the  basiu^  come  in  qnick  sncoeasion 
and  finally  burst  into  spray,  followed  by  a  rapid  succession  of  Jets  in- 
creasing  in  height  until  the  column  is  100  feet  high.  Dense  clouds 
of  steam  momentarily  hide  the  glistening  sheaf  of  jets,  hiding  it  fkom 
sight,  then  drifting  away  in  the  breeze  again  reveal  the  sparkling  sbalt. 

These  eruptions  have  varied  much  in  appearance  and  height  since  the 
geyser  was  first  known.  At  ]>.  esent  the  column  does  not  exceed  90 
feet  and  the  eruption  lasts  but  a  few  moments.  After  it  the  basin  is 
^mpty  and  seems  to  be  lined  with  a  smooth  coating  of  white  silica* 

THE  GEYSEBS  OF  NEW  ZEALAlfB. 

The  geysers  of  Kew  Zealand  are  situated  in  a  region  clothed  with  a 
luxuriant  vegetation  that  is  in  strong  contrast  to  the  bleak  and  barren 
lava  fields  of  Iceland,  but  an  examination  of  the  position  of  the  springs, 
with  respect  to  the  physical  features  of  the  region,  shows  tbat  the 
situation  of  the  geysers  is  nearly  the  same  in  these  antipodal  isles. 
The  New  Zealand  geysers  occur  in  the  Korth  Island,  in  what  is  known 
as  the  volcanic  region,  or  the  Taupo  zone.  Within  an  area  of  4,725 
square  miles,  in  which  none  but  volcanic  rocks  are  found,  theie  are  six 
volcanoes,  and  great  numbers  of  solfotaras,  ftiroeroles,  mud  volcauoes^ 
and  hot  springs,  and  many  geysers.  The  lavas  are  all  of  the  acid  type, 
mostly  rhyoUte,  but  are  bidden  by  surfoee  decomposition  and  an  abnn- 
dant  vegetation,  save  upon  the  flanks  of  the  peaks.  The  axial  line  of 
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this  zono  rnnniiif;  northoASt  is  marked  at  eacli  ond  by  an  active  vol- 
cano, aii<l  its  course  hy  a  line  of  greatest  hydrotlkenual  activity;  a 
sinufMis  line  of  hot  sprin^''s  followijij^j  well  itiarked  f^-eog^raphie  features 
of  river  valleys,  low  plains,  and  hike  inar;;ins,  with  liijilier  etmntry  ou 
either  side  risin;!;  to  ])hiteaus  <»f  LJ,(K)0  to  3,0(M>  feet  above  the  sea. 

Litth'  iskfiown  of  tiie  geysers  on  tlie  sh  »res  of  Lake  Taupo,  or  those 
on  the  liank-^  of  the  Waikato  River,  )mt  the  famous  terraces  of  Ko- 
tomaliai  i.  (  ;ill(  d  the  eighth  wonder  of  the  worhl  liy  James  Anthony 
Froutle,  attracted  attention  to  tlie  jreysei-'^  wiiich  formed  them,  and 
mmle  their  vicinity  the  best  known  i)art  of  the  district.  The  warm 
lake,  called  by  the  Maoris,  Rotomahana,  was  a  shallow  body  of  warm 
water,  about  a  mile  long,  and  a  (pnirter  of  a  niile  binad,  comprising 
1S."»  acres.  The  waters  were  of  a  dirty,  gret  insh  hue,  reflecting  the 
somber  green  of  tlie  fern  and  the  ti-tree-covered  slopes  about  it,  and 
the  sedgy  margins  sheltered  hu  ge  numbers  of  duck  and  other  water- 
fowl. Rising  above  its  surfaces  like  stairwaj^s  of  delicately  sculptured 
marble,  were  the  pink  and  white  tei  raccii.  At  the  top  of  the  terrace, 
V2i\  feet  above  the  lake,  was  the  Terata  geyser,  whose  overflow  ha<l 
built  up  this  wonderful  work  antl  lilletl  the  basins  and  pools  with  wjv- 
ters  whose  tints  were  both  the  delight  of  the  eye  and  the  despair  of 
the  pen. 

The  geyser  caldron  was  some  60  by  80  feet  across,  its  clear  and  boil- 
ing water  usually  overflowing,  anil  occasionally  ejected  to  a  height  of 
40  to  100  feet,  wetting  the  steep  banks  of  bright-colored  fumerole  clays 
about  the  crater,  but  not  forming  ihe  beaded  geyserite,  characteristic 
of  .so  many  of  these  fountains.  Such  eruptions  followed  a  period  of 
quiescence,  when  the  waters  retired  within  the  pipe  for  many  hours. 
Owing  to  the  comparative  injvccessibility  of  the  caldron  and  thelnjauty 
of  the  terraces,  but  few  ob.servations  are  on  record  of  the  action  of  the 
geyser.  The  water  carried  150  grains  of  solid  matter  to  the  gallon,  of 
which  one-third  was  silica,  and  the  daily  outflow  of  100,000  to  000,000 
gallons  per  hour  bri)ught  up  10  tons  of  solid  matter  dissolved  oat  of 
Ihe  underlying  rocks.  It  is  easy  to  see  what  great  nndergroond  cav- 
erns would  be  fonned  by  this  geyser  alone  in  a  comparatively  brief  time. 
In  the  volcanic  outbreak  of  Tarawera,  in  June,  1886,  tiie  waters  of  the 
lake  and  nndergroond  reservoirs  were  drawn  into  the  newly  opened 
iiasnrey  and,  by  the  extraordinary  explosion  that  followed  the  terraces 
were  destroyed,  and  the  Bite  of  Botomahara  became  a  crater  that  threw 
mnd  over  the  snrronndlng  country. 

THE  \i.I.i.O\VbTONE  "  GEVStiii.AND.^ 

The  wonderfiil  variety,  the  great  nnmber,  and  the  large  size  of  the 
geysers  of  America,  found  in  the  Yellowstone  liTational  Park,  demand 
a  somewhat  longer  aocoant  of  this  region^  which  I  am  the  more  willing 
to  give  as  it  has  been  my  good  fortune  to  have  spent  a  large  part  of 
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the  past  nine  summers  in  a  study  of  its  geysers  and  hot  springs.  To 
many  readers  this  rc^on  is  doubtless  fomiliar.  The  geysers  are  found 
in  detached  groups^  occupying  basins  or  valleys  of  the  great  tahle-laud 
which  forms  the  central  portion  of  the  park,  a  region  whose  heavy 
forests  and  uninviting  aspec  t,  combined  with  the  ragged  nature  of  the 
encireling  moontain  ranges,  so  long  proved  a  barrier  to  exploration 
even  to  those  adventmrons  trappers  and  prospectors  of  the  Great  West, 
and  deferred  the  discovery  of  this  marvellous  region  until  so  recent  a 
date  as  1869. 

The  geyser  *«basins,''  as  the  localities  are  termed,  conform,  in  their  re- 
lations to  thesnrronnding  high  ground  and  their  coincidence  with  lines 
of  drainage  and  the  loci  of  springs,  to  the  laws  governing  the  distribu- 
tion of  the  same  phenomena  in  other  parts  of  the  world.  The  park  itself 
is  a  reservation  of  about  3,500  square  miles,  the  central  portion  being  an 
elevated  volcanic  plateau,  accentuated  by  deep  and  narrow  cauoos  and 
broad  gentle  eminences,  and  surrounded  by  high  and  tugged  mountain 
ranges.  This  central  portion,  whose  average  elevation  is  about  H,000 
feet  above  the  sea,  embraces  all  the  hot-spring  and  geyser  areas  of  the 
park.  The  volcanic  activity  that  resulted  in  the  formation  of  the  park 
plateau  may  be  considered  as  extinct,  nor  are  there  any  evidences  of 
fresh  lava  flows.  Yet,  the  hot  springs  so  widely  distributed  over  the 
plateau  are  convincing  evidence  of  tbe  presence  of  underground  heat. 
There  is  no  doubt  that  the  waters  derive  their  high  temperature  ttom 
the  heated  locks  below,  and  that  the  origin  of  the  heat  is,  in  some  way* 
assoeiated  with  the  source  of  volcanic  energy. 

The  various  geyser  basins,  or  Jire  koleg,  as  tbey  were  called  by  the 
first  explorers,  each  possess  individual  peculiarities  which  give  charac- 
ter and  interest  to  each  locality.  The  most  noted  of  tliosc  ba«ins^'  is 
however  that  known  as  the  Upper  Geyser  J  Jasin  of  tlie  Fireholc  Kiver^ 
one  of  the  headwaters  of  the  great  Missouri.  This  Upper  Basin  ,^  lus  it 
is  generally  caUcd,  lies  a  little  westward  of  the  center  of  the  park,  and 
is  reached  by  a  ride  of  some  50  miles,  over  excellent  roads,  from  the 
railroad  terminus.  It  is  a  valley  of  1^  miles  long  by  one-half  mile 
broad,  inclosed  by  the  rocky  cliffs  or  darkly  wooded  slopes  of  the  great 
Madison  Plateau,  and  drained  by  the  Fiichole  liiver,  along  whose 
banks  the  lai'prost  geysers  are  situated.  The  whole  floor  of  the  valley 
is  fairly  riddled  with  springs  of  boiling  water,  whose  exquisite  l>ejiuty 
is  indescribable.  Light  clou<ls  of  fleei^y  vapor  curl  gently  upward  from 
waters  of  the  purest  aznre  or  the  clearest  of  emerald,  and,  encircling 
rims  of  white  marble  like  silica,  form  fit  setting  for  such  great  gems. 
A  large  part  of  the  valley  floor  is  covered  with  the  white  deposit  of  silica 
known  as  siliceous  sinter,  deposited  by  the  overflowing  hot  waters.* 
The  weird  whiteness  of  these  areas,  the  gaunt  white  trunks  of  pine  trees 
killed  by  the  hot  waters,  the  myriad  }k>o1s  of  steaming  crystal,  and  tbe 

*  See  ''Fonnation  of  Hot  Himua  <le)K>Hit8  »  W.  H.  Weed  yimih  Jnn,  Etpt.  IHrtctm- 
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vhitedoads  floating  off  from  the  chimney-like  geyser  oonee,  form  a 
floene  never  to  be  forgotten  by  those  fortnaate  enough  to  behold  it. 
Within  this  basin  there  are  nearly  thirty  geysers,  presenting  many 
variations  of  bowl  or  liasin,  moand  and  oone,  and  whose  emptions  are 
equally  diversified  in  form  and  beauty. 

Sentinel,  Fan,  Cascade,  Riverside,  Mortar^  and  Grotto,  greet  one  on 
entering  the  basin,  either  by  qniet  steaming  or  by  flashing  jets.  Giant, 
Splendid,  Castle,  Grand,  Giantess,  Lion,  and  Old  Faithful  are  bat  a 
few  of  the  wondrous  fouiitaiihs  of  the  place.  The  last  is  most  deserving 
of  its  name.  Eveiy  since  its  discovery,  in  1870,  it  has  not  failed  to  send 
up  a  grsiceful  shower  of  jets  at  a  regular  interval  of  six^-flve  minute. 
Its  beauty  is  ever  varjnng,  as  wind  iiiul  snnligbt  play  upon  it,  and  the 
mound  about  its  vent  is  lulorned  with  delicately  tinted  basins  of  salmon, 
pink,  and  yellow,  filled  with  limpid  water  whose  softness  is  enticing.  It 
is  the  geyser  of  the  park,  and  indeed  of  the  world,  and  many  a  visitor 
to  ^^geyserland^  departs  without  seeing  any  other  of  the  many  spouters 
in  action  and  yet  feels  more  than  repaid  for  the  jonrney.  For  beauty 
of  surroundings,  the  C<astle  will  perhaps  be  awarded  the  palm;  its 
sinter  chimney  or  cone  is  formtHl  of  exquisite  cauliflower  or  coral-like 
geyserite  whose  general  form  makes  the  geyser^s  name  appropriate.  It^ 
eruptions  are  frequent,  occurring  about  every  thirty  hours,  when  a 
stream  of  lu»t  water  is  thrown  up  to  a  height  of  75  feet  for  some 
Mfteon  minutes,  followed  by  the  emission  of  steam,  with  a  loud  roar 
that  can  be  heard  for  miles.  A  few  hours  after  the  eruption  the  tube 
is  a^ain  full,  and  occasional  jets  of  10  to  20  feet  are  thrown  out  until 
the  Tiext  eniptioii  ensues. 

The  greatest  geyser  of  the  park,  iind,  indeed  the  <;r;ui(lcst  of  the 
wliole  world,  is  I']xcelsior,  some  25  miles  beyond  the  Xorris  Tiasin.  Un- 
like the  less  capiii  ions  and  more  t'omit^in  like  ireysers  of  the  I'pper 
Firehole,  this  numster  of  *2:eysers  do<'s  not  spdut  from  a  lissure  in  the 
rock,  nor  from  a  crater  or  cone  of  its  own  biiildinj;.  It  is  a  niou.stcr  of 
destructiim,  having  torn  out  its  gretit  crater  in  the  old  sinter-covered 
slope,  bnilded  by  the  phicid  and  bonnteous  Prismatic  Lake.  The  wails, 
formed  by  tlie  Ja^jred  ends  of  tlie  while  sinter  layers,  are  lashed  by 
thean«rry  waters  tliat  are  ever  nn<b'f  ininin]i^  the  sides  and  enlarging  the 
caldnm.  The  eruptions  ar<»  so  stnpen(h»ns  that  all  otlier  geysers  are 
dwarfed  by  comi»arison.  The  grand  onil)nrst  is  piet  eded  l»y  several 
alx»rtive  attempts,  when  great  domes  of  water  rise  in  Llie  center  and 
burst  into  splashing  nmsses  10  to  l  feet  high,  while  the  waters  surge 
under  the  overhanging  walls  and  (»verd(»w  the  slope  between  tlie  eraU^r 
and  the  rivei-.  Finally,  with  a  gran*l  itonm  or  rei)ort  that  sliakes  the 
gi'ound,  an  iniineuse  faa-8ha]><Ml  mass  of  water  is  thrown  up  to  a  lieight 
of  200  (IT  more  feet,  great  cloud >^  of  stciim  rolling  olf  from  the  boiling 
water,  while  large  blocrks  of  the  white  sinter  are  Hung  far  above  the 
water  and  fall  about  the  neighborinij  slopes.  It  is  a  sight  that  iiis^tires 
enthusiasm  in  the  most  phlegmatic,  and  few  can  resist  the  temptation 
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U)  giN  c  loud  oxprpasioii  totliiMr  t«M'lin<js.  tTirfot  tiiiiately,  this  monarch 
of  all  <,^'ys('rs  hus  ceai^ed  to  erupt,  but  may  be  expected  t^j  break  forth 
again  at  any  time. 

Everywhere  save  attheNorrih  b;t  in.  of  tlie  Yellowstone  Park,  geyser 
vents  are  snrronnded  by  cones,  moiuuls,  or  plaitornis  ot  white  silicenns 
sinter,  which,  rhon«rh  buill  up  into  very  beautiful  forms,  hides  the  true 
relation  of  the  ^(  \  ser  vent  to  the  fissures  in  the  ro(  ks,  so  that  it  has 
been  nerally  believeil.  as  stated  by  TjTidall,*  that  the  hot  springs 
built  uj)  tubes  of  siliceous  lotk,  that  made  them  geysers.  That  this  is 
not  true  is  shown  by  scvcimI  great  fountains  at  the  Norris  ba^sin,  that, 
K)M)ut  directly  from  lissurcs  in  the  solid  rock,  notably  the  Mouarch^ 
Tippecanoe,  aud  Alcove  geysers. 

i>EYS>:H  WATKKS. 

The  descriptians  which  havo  been  given  of  the  chief  geyser  regions 
of  the  world  lead  to  the  qneBtion:  What  is  the  source  and  character 
of  the  geyser  watersf  It  has  been  ]>lainly  indicated  that,  in  the  fields 
desoribedf  the  vents  are  always  situated  along  lines  of  drainage,  on 
the  shores  of  lakes,  or  under  conditions  where  ordinary  springs  of 
meteoric  water  would  naturally  occur. 

That  the  geyser  waters  are  surface  waters  which  have  percolated 
through  the  iiorons  lavas  and  have  been  heated  by  encountering  great 
quantities  of  steam  and  gases  rising  ftom  the  hot  rocks  below  there  is 
no  reasonable  doubt.  The  proximity  of  ordinary  cold  springs  and 
those  of  lioiliug  hot  water  lends  support  to  this  view. 

These  hot  waters,  traversing  the  rocks  in  irregular  fissures,  readily 
dissolve  out  the  more  soluble  constituents  of  the roeks^  the  amount  and 
thecharacter  of  the  salts  present  varying  somewhat  with  the  nature 
and  amount  of  gases  held  in  the  waters.  Chemical  analyses  of  geyser 
waters  from  the  three  regions  described  show  no  greater  variation  tbaa 
those  firom  different  vents  in  any  one  of  these  regions.  The  following 
table  of  analyses  shows  that  the  waters  are  all  similar  in  chaxaetor.  The 
analysis  of  the  Yellowstone  water  was  made  by  Prof.  F.  A.  Oooch  and 
for  the  IT.  S.  Geological  Survey.  Analyses  are  also  given  of  the  water 
from  the  great  geyser  of  Iceland,  and  ^m  the  Kew  Zealand  geysevs^ 
the  former  by  Bamour,t  the  latter  by  Smith.| 

*  Heat  as  a  uuula  of  iiiotiim. 

^Amm.  (Jkm,  «.  PAam.,  vol.  i^ii,  1847,  p.  49. 

iJbirr./Krjpmilrt.  Chemi0.,  vol.  lxxix,  lsiB9,  p.  188. 
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Analgia  ef  geyter  tMtUnt, 
{Coa«tita«ntii  grmipMl  In  prolMble  conibfiMitkin.  Qninm  pnr  kibiKriiiD.l 
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Skntrce  of  heat, — That  the  source  of  steam  is  the  Ktill  hot  lavas  b^w, 
and  ia  in  some  way  connected  with  volcanic  action,  is  so  evident  from 
the  facts  that  no  other  conclusion  is  xtosdble.  A  very  common  belief 
coneeniin^f  the  source  of  the  heat  of  boiling  springs  and  geysers,  but 
one  which  no  longer  has  the  support  of  scientific  men,  is  that  the  heat 
results  from  ckemical  oeHonf  as  it  is  vaguely  termed.  Were  not  the 
evidence  so  directly  opposed  to  this  idea,  it  would  merit  consideration, 
but  BO  far  as  the  heat  of  geyser  waters  is  concerned,  all  observation 
shows  it  to  be  untenable.  To  this  class  of  theories  belongs  the  popular 
idea  that  the  geyser  basins  are  underlaid  by  great  beds  of  (quick  f) 
lime,  which  supply  the  beat  and  steam  of  the  geysers. 

The  smothered  combustion  of  beds  of  lignite,  coal,  or  pyrites,  is  an- 
o^er  form  of  the  same  theoiy  that  has  been  received  with  considerable 
favor,  and  stOl  commands  a  few  followers.  That  hot  springs  may  have 
such  an  origin  is  not  denied,  but  the  geological  conditions  and  environ- 
ment dearly  show  that  none  of  the  great  geyser  regions  of  the  world 
derive  their  heat  from  such  acti«m. 

Where  the  source  of  supply  i»  deep-seated,  spring  waters  always 
Iiave  an  elevated  temperature,  generally  proportionate  to  the  depth, 
but  the  very  high  temperatures  of  the  geysers  and  the  local  source  of 
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the  waters  excludes  tliis  tlieury.  Tlie  folding  and  ikulting  of  locks  ia 
another  eoartfe  of  heat  made  manifest  by  hot  springs. 

It  has  been  shown  by  Dr.  Peale,  however,  thfLthoilinff  waters  are  only 
found  in  the  regions  of  Tolcaiiie  rocks,  and  it  was  pointed  out  by  I/Ap- 
parent  that  geysers  only  occur  in  acid  volcanic  lavas.  In  Iceland  tbe 
volcanic  forces  are  still  active,  and  melted  lavas  may  exist  at  no  great 
depth.  In  New  Zealand  the  recent  eruption  of  the  eroded  mountain 
Tarawera  showed  that  heated  rocks  exist,  and  in  that  case  rose  up 
near  enough  to  the  surfoce  to  cause  the  explosion  which  so  trans- 
formed tbe  country. 

In  the  Yellowstone  there  are  no  active  volcanoes,  and  none  of  even 
geologically  recent  activity.  The  lavas  that  fill  the  ancient  mountain- 
encircled  basin  of  the  park  are  scored  by  glaciers  and  deeply  cut  by 
running  water;  and  the  old  volcanoes  from  which  the  lavas  were,  in  part 
at  least,  outpoured  show  no  signs  of  having  been  active  since  Tertiary 
times.  Yet  in  this  region  the  expenditoie  of  heat  by  the  hot  springs, 
geysers,  and  steam  vents  would  undoubtedly  keep  a  moderate^sized 
volcano  in  a  very  active  state  were  it  concentrated.  There  is  no  doubt 
that  this  heat  is  connected  with  the  past  volcanic  energies  of  the  region 
and  derived  principally  from  the  still  hot  lavas,  tbree-quarters  of  the 
entire  area  of  the  park  (3,600  square  miles)  being  covered  by  rhyolitic 
rocks. 

The  significance  alluded  to  above,  of  the  association  of  geysers  and 
acid  lavas  (rhyolites),  is  jtossibly  to  be  found  in  tbe  fikct  that  these  rocks 
are  more  easily  dissolved  by  the  hotii^  aters  forming  the  tubes  and  res- 
ervoirs for  geysers.  The  situation  of  hot  spi  in^rsand  geysers  along 
water  courses  has  already  been  mentioned.  It  is  a  well-known  fact 
that  the  presence  of  water  in  the  pores  of  a  rock  increases  its  capacity 
to  <'ondu(;t  heat,  SO  that  we  may  surmise  a  rise  in  the  local  isogeotberm 
in  such  situations. 

Qeyser  truptions. — (ieysers  havt*  olttm  been  compared  to  voUranoes, 
presenting  in  imHiatuie,  with  wati*r  instead,  of  molten  rock,  all  tlie  phe- 
nomena of  a  volt  lUiic  eruption.  Tlu'  diversity  of  form  and  varying  con- 
ditions of  activity  of  the  hot  sjiiin^s  found  asst>ciated  with  geysers 
makes  it  iuipossibh*  to  deterniinc  in  every  case  wliether  a  spring  is 
or  is  not  a  goysrr.  (ij«yser  vents  may  1m'  mere  rift-s  iu  the  naked  rocks 
or  bowls  ol  (  it  ai  and  traiupiil  water,  «|ui«  t  until  disturbed  by  the  first 
throes  of  an  crui)tinn,  and  snri  uunded  l»y  white  sinter  depositii  in  nowise 
distinguishable  from  tliosc  about  hot  springs.  In  othercases  the  vents 
are  surnuindcd  by  a  cone  or  mound  of  ] learly-bea^led  "  geyserite,"  a 
certain  and  distinctive  feature  of  a  gt-yser. 

The  disjdays  of  the  great  "  Geyser  "  of  Iceland  have  alreaciy  been 
brierty  described;  they  may  be  Uiken  as  tlie  typcoferupli<*ns from  gey- 
sers having  bowl  like  expansions  at  the  top  of  the  tube,  the  so  ciilled 
"basin"  of  the  geyser.  Where  the  vent  is  surrounded  })y  a  cone  of 
sinter,  as  is  so  often  the  case  among  the  fountains  of  New  Zealand  and 
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the  Yellowstone,  the  flrnt  part  of  tlie  geyser  eraption  is  somewhut  differ* 
eiit.  Perhaps  the  most  familiar  geyser  of  this  type  is  Old  Faithful,  the 
one  geyser  in  the  Yellowstone  that  is  sore  not  to  disappoint  the  visitor. 
Though  surpassed  by  many  of  its  neighbors  in  the  heightand  magnitude 
of  it«  eruptions,  it  holds  a  fiont  rank  for  beaaty  and  graoefolness.  Pre- 
viously  heralded  by  loud  rumblings,  with  spasmodio  outbursts  of  10  to 
20  feet  in  height  that  mark  abortive  attempts  to  send  up  its  steaming 
pillar,  the  white  column  is  finally  thrown  upwards  with  a  loud  roar,  and 
mounts  at  once  to  a  height  that  seems  hundreds  of  fiaetas  wegazeupon 
it.  For  two,  or  even  three  minutes,  the  column  maintains  a  height 
which  measnremento  show  to  vary  ttom  90  feet  up  to  150  feet,  with  oc- 
casional steeple-shaped  Jets  rising  still  higher,  the  jeto  ever  varying  and 
giving  off  great  rolling  cloudsof  steam ;  then  the  jets  gradually  decrease 
in  altitude,  and  in  five  minutes  the  eruption  is  over,  the  tube  apparently 
empty,  and  emitting  occasional  puffs  of  steam  for  a  few  minutes  longer. 

Daring  the  eruption  the  water  falls  in  heavy  masses  about  the  vent, 
filling  the  basins  that  adorn  the  mound,  and  flowing  off  in  yellow  and 
orange-colored  waterways,  while  the  finer  spray  drifts  off  with  the 
breeze  and  falls  upon  the  neighboring  sinter  slopes.  It  is  impossible 
to  meaniire  the  aiiiount  of  water  thrown  out,  ninoe  it  runs  off  in  a  num- 
ber of  directions  in  shtiHow  rills  that  lead  either  to  the  sandy  terrace 
near  by  or  to  the  river.  If  however  we  assume  that  the  column  of 
Ftoam  and  water  is  one-third  water,  a  fair  assumption,  the  estimated 
discharge  is  3,000  barrels  at  each  eruption. 

Comparing  Old  Faithful  with  its  Iceland  prototype  we  find  consider- 
atile  difl'erence  in  the  behavior  of  the  two  vents  during  the  interval 
between  eruptions.  The  former,  like  Strokr,  has  no  bowl  or  basin,  and 
the  geyser  throat  or  tube  is  i)artly  tilled  with  water,  which  is  in  con- 
stant and  energetic  ebullitiou,  while  the  geysoi-  is  inactive.  The  tube 
and  bowl  of  Geyser^'  are,  on  the  contrary,  tilled  with  comparatively 
cool  water.  In  each  case,  however,  the  eruption  is  preceded  by  an 
overflow  from  the  geyser  tube,  in  the  case  of  Strokr  and  Old  Faithful, 
as  jets  of  10  feet  to  2i>  feet  in  height;  in  "Geyser''  by  a  filling  of  the 
bowl  and  successive  overflows,  accompanied  by  the  noise  of  condens- 
ing  steam  bubbles,  a  simmering  of  the  water  in  the  tube.  Such  pre- 
liminary actions  are  significant  when  we  consider  the  theory  of  geyser 
action. 

Throrirs  of  ffcyner  action, — Tlie  iiitrrmittent  spouting  nf  geysers  was 
^>ll^:  ;i  riddle  to  s«'icntiftc  mm,  for  although  scvoral  theorii's  seemed 
each  to  otter  a  satisfactory  explanation  of  the  eruptions  of  "(iey- 
ser,"  tli<'\  supi)osed  conditions  nnlikeiy  to  occur  in  niaii\  vonts.  T!ie 
investigations  of  Bunsen,  and  ot  Descloizi'aux,  who  spent  two  weeks 
studying  the  Ireland  fountains,  resulted  in  the  announcement  of  a 
theory  of  geyser  action  which,  with  slight  modifications,  has  satisfied 

all  reqoirements  and  is  to-day  generally  accepted  as  the  true  explaua* 
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tion  of  the  action  of  these  natoral  steam  engines.  This  theor>%  which 
bears  the  name  of  the  illustrious  Bansen,  depends  upon  the  well- 
known  fiici  that  the  boiling  point  oC  irater  liaee  with  the  pressure, 
and  is  therefore  higher  at  the  bottom  of  a  tnbe  of  water  than  at  Hie 
snrfiMse.  The  temperature  of  water  heated  in  any  yessel  is  generally 
equalized  by  eonvectiTe  cnrrents,  but  in  a  long  and  narrow  at  an 
irregolar  tube  this  circnlation  is  impeded,  and  while  the  water  at  the 
Burfiioe  boils  at  IHOO  O.  (at  sea  level),  ebidlition  in  the  lower  part  of 
the  tube  is  only  ]>ossible  at  a  much  higher  temperatare,  owing  to  the 
weight  of  the  water  column  above  it.  In  the  section  of  Geyser  shown 
in  the  figure  the  observed  teiiix>eratares  are  given  on  the  left,  and  the 
temperatures  at  which  the  waters  would  bofl,  taking  into  account  the 
pressure  of  the  water  column,  are  given  on  tiie  right.  In  Geyser  the 
nearest  approximate  to  the  boiling  point  is  at  a  depth  of  46  feet  oppo- 


Geysir 

8«elioiw  uf  Geyier  Mtd  Sirukr  mbuwiug  flMuraa  auppljing  gejavr  tubca  (after  CampboU). 


site  a  ledge  and  fissure  discovered  subsequent  to  Bunsen'sexperiments. 
At  this  depth  the  temperature  is  2^  G.  below  the  temperature  at  which 
the  water  can  boiL  If  by  the  continued  heating  of  this  layer  by  steam 
from  the  fissure  it  attuns  the  temperature  at  which  it  can  bofl,  steam 
is  formed,  whose  expansive  force  lifts  the  superincumbent  column  of 
water,  causing  a  slight  overflow  at  the  top,  which,  shortening  the  col> 
umn,  brings  the  layer  B  to  the  position  O,  where  its  temperature  is 
above  the  boUing  point  of  C,  wherefore  steam  is  formed  at  this  point  and 
a  farther  lifting  and  relief  of  pressure  ensues,  followed  by  an  eruption. 

Ill  illustration  of  this  theory  a  model  geyser  is  easily  constructed  of 
ft  glass  tube  of  an  inch  or  so  in  diameter  and  several  feet  kmg^  Wbea 
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this  tube  is  dosed  at  one  end,  filled  with  water  and  placed  upright  we 
have  all  the  me<!hani8rii  necessary  to  prmliu'e  all  the  phenomena  of  a 
geystT.  Hy  heatinj?  the  water  at  the  bottom  by  tlic  introduction  of 
steam  (or  witli  a  spirit  lamp),  we  can  produce  eiiiptions  whose  period 
will  depend  upon  the  intensity  of  the  heat.  At  lirst  the  bul)blevS  of 
steam  collapse  in  the  cool  waters  at  the  bottom  of  the  tube,  l)ut  kin  the 
temperature  rises  the  babbles  rise  part  way  up  the  tube  and  heat  the 
lower  part  ot  the  cobinm  to  a  lii^^U  temperature  while  the  water  nesu: 
the  surface  is  still  cool.  EveutuaU}'  the  water  at  the  bottom  reaches 
the  pressure  boiling  point,  when  steam  is  formed,  lifting  the  water 
above  it  and  causing  an  overflow  at  the  top.  This  overflow  or  its 
e4iuivalent,  the  filling  of  a  shallow  basin  at  the  top  of  the  tube,  relieves 
the  pressure  and  all  that  part  of  the  colanm  whose  temperature  was 
previonsly  below  the  boiling  x>oiiit  bnt  now  exceeds  it,  flies  into  steam 
and  ^ects  the  water  above  with  great  violence.  The  glass  walls  of  our 
geyser  tube  [lerinit  ns  to  watch  the  gradnal  heating  of  the  water  by 
means  of  thermometers  suspended  in  the  tnbe,  the  ascent  and  collapse 
of  steam  hobbles,  the  overflow  and  abortive  attempts  to  erapt  and  the 
final  Section  of  the  water  from  the  tabe. 

Where  the  tnbe  is  surronnded  at  the  top  by  a  basin  no  actual  over- 
flow need  occur.  Indeed  there  is  in  the  Yellowstone  a  miniature  gey* 
ser,  aptly  named  the  Model,  with  a  tube  but  2  inches  in  diameter,  sur- 
rounded by  a  shallow,  saucer-like  basin,  which  has  eruptions  about 
every  fifteen  minutes  of  3  feet  to  5  feet  in  height  in  which  scarcely  a 
drop  of  water  is  wasted,  but  flows  back  into  the  tnbe  after  the  erup- 
tion. During  the  interval  between  eruptions  no  water  can  be  seen  in 
the  tube,  whose  basin  and  upper  part  are  dry  and  cool.  The  flrst  sig- 
nal of  the  coming  display  is  a  quiet  welling  up  of  the  water  in  the  tnbe 
filling  the  litUe  basin,  which  being  relatively  large  and  shallow  relieves 
ihe  water  column  of  a  considerable  heights  During  the  eruption  which 
follows,  the  spray  is  chilled  by  the  air,  falling  back  into  the  basin;  at 
the  end  of  the  display  the  water  is  quickly  sucked  back  into  the  tube 
and  re-heated  for  Uie  ensning  eruption. 

At  first  thought  the  constant  boiling  of  the  waters  in  the  tube  of 
Strokr,  Old  Faithful  and  many  other  geysers  seems  to  oppose  the 
theory  which  we  have  just  given.  Observations  show  however  that 
in  many  cases  the  boiling  is  confined  to  the  surface  an<l  dee])  t<Mn])erar 
tures  do  not  reach  the  boiling  point  corresponding  to  the  depth.  It  is 
quite  likely  also  that  in  some  cases  a  lesser  and  independent  supply  of 
heat  may  connect  with  the  upper  part  of  a  geyser  tnbe;  Strokr,  we 
know,  has  two  vents  (see  figure),  one  of  which  is  the  geyser  tube,  the 
fiinneMike  throat  of  Strokr  bein^^  really  but  a  nozzle  to  the  geyser. 

It  is  unnecessary  to  describe  the  numerous  other  theories  of  geyser 
action;  they  all  suppose  caverns  or  systems  of  c  hambers  and  tubes,  of 
definite  arrangement,  a  supposition  most  unlikely  to  occur  in  many 
ca8<is,  and  ma<le  unnecessary  by  Bunsen's  theory.  Ix>cal  expansions 
and  irregularities  of  the  tube  do  exist,  and  to  them  we  owe  many  of 
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tlii'  imlividual  pcculiaritica  of  geysers,  but  such  chambers  do  not  form 
a  vital,  essential  i)art  of  the  geyser  mechanism. 

In  an  excellent  renumv  o{  the  various  theories  of  geyser  actum,  Dr. 
A.  V.  I*eale  states  that  he  believes  no  one  theory  is  adequate  to  explain 
all  the  phenouieiui  of  geyser  action,  though  Bunscn's  theory  comes 
nearest  to  it.  ♦ 

I  believe  however  that  l^unsen's  theory  is  a  perfect  explanatioii  if 
we  but  jMlmit  that  the  geyser  tube  may  be  neither  straigbt  nor  regular, 
but  of  any  shajH*,  or  size,  and  probably  diflfering  very  maeh  for  each 
vent.  The  shape  of  the  ImiwI  or  basin  exercises  bat  little  ioflaeiioe  Qpan 
the  ertiption  save  to  produce  the  many  individual  peenliarities  of  the 
geys«'r  <'olnmu. 

Origin  of  Oejfsera. — It  sliould  be  noted  that  Bunsen's  theory  of  geyser 
action  is  quit©  independent  of  liis  theory  of  geyser  fornuition.  The 
builduig  up  of  a  siliceous  tube  by  the  evaporation  of  the  waters  at  the 
margin  of  a  hot  spring,  is  a  process  which  may  be  seen  in  operation  in 
a!iy  of  the  geyser  regions  of  the  world;  but  it  is  not  a  necessai^'  pre- 
hule  to  the  formation  of  a  geyser,  for  a  simple  fissure  in  the  i-ock 
answers  eijually  well,  as  is  showu  at  the  I^orris  geyser  basiu  iu  the 
Yellowstone  Park. 

The  life  history  of  a  ;zeyser  varirs.  of  course,  tor  ca<  ]i  one,  but  obser- 
vations show  tliat  tlu^  t'ollnwiu',''  scquent'c  of  events  often  takes  phu'c. 
The  hot  vai»ors  rising  from  unknown  de])tlis  penetrate  the  rocks  aloTi^ 
planes  of  fraeture  and  shrinkage  eraeks,  decomposing  and  snftenuig 
the  roek  until  the  jiressnre  of  the  st<*ani  and  water  is  sufficient  to  tbrce 
an  opening  to  the  surface.  If  this  opening  aflbrds  an  easier  exit  for 
■waters  issuin^jf  at  a  higher  level  the  Assure  is  probably  ned  with  a 
violent  ejection  of  nuid  and  debris;  more  often  tlie])rocess  r^  i  irradnal 
one,  accompanying  the  slow  eating  *away  of  the  nM;k  walls  aion<^  the 
fissure.  Tlie  flowing  waters  slowly  clear  out  the  fissure,  forming  a  tube 
that  permits  the  freer  escape  of  hot  wat^M-  and  steam,  while  at  the  sann; 
time  the  waters  change  from  a  thick  mud  to  a  more  or  less  clear  tluid. 
The  spring,  at  first  a  siiii]»l(  l)»>iiing  nnul-hole,  is  now  an  intermittently 
boiling  spring,  which  sn^n  develops  true  geyser  a<'tion.  If  the  open- 
in;;  of  the  fissure  alVorded  a  new  outlet  for  the  waters  of  sdine  already 
existing  ge>  ser.  these  chancres  take  place  rapidly,  and  eruptions  Ui;^in 
as  soon  as  tlie  pipe  is  sulliciently  cleared  to  hold  euougli  water.  The 
bare  rock  about  the  vent  or  fissure  is  soon  whitened  by  silica  depo.sited 
by  tlM^  hot  waters.  This  sinter  may  form  a  mound  about  the  expand«Ml 
tube  or  basin,  or,  if  the  vent  be  small  and  spiay  is  frequently  pjeetetl, 
it  builds  up  the  curious  geyser  coiu^s  so  i>rominent  in  the  Yellowstone, 
In  certain  cases  the  building  up  of  these  deposits  may  partially  choke 
the  geyser's  throat,  and  i*aus*-  a  (liiiiiiiuiion  of  the  geyser^s  energy, 
whose  forces  seek  an  easier  outlet.  In  other  cases  tlie  eating  out  of 
new  subterranean  waterways  deprives  the  geyser  of  its  supply  of  heat, 

*  JM/ih  Atm,  Jtt^f,  U,    Gwl.  and  Qtog,  Svmtif  Ttrrit^rw,  vol.  ii.,  p. 
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Slid  the  vent  becomeA  either  a  traitqnil  laug  or  wholly  extioct,  while 
the  pearly  gtyaenic  fomiiig  its  cone  dismtegrateB  and  cmmbles  into 
fine  shaly  debris,  resembling  comminnted  oyster  shells.  Thus  there  is 
ft  slow  but  continual  change  in  progress  at  the  geyser  basins,  in  which 
old  springs  become  extinct  and  new  ones  come  intolieing  and  activity. 

With  few  exi^eptious,  where  the  vents  are  very  new,  geysers  spout 
from  basins  or  firom  cones  of  white  siliceous  sinter,  or  geygerite,  depo8> 
ited  about  the  vent  by  tlte  hot  waters.  Snch  deposits  are  formed  very 
slowly,  oue-twentieth  of  an  inch  a  year  being  an  average  rate  of  growth 
for  the  deposit  formed  by  evaporation  alone.  These  deposits  of  sinter 
are  therefore  an  index  to  the  age  of  the  geyser.  In  many  cases  these 
sinter  cones  are  very  odd,  fantastic  structures  of  great  beauty  while  wet 
by  the  the  geyser  spray,  but  becoming  white,  opaque,  and  ohalk-like 
upon  drying.  Where  the  siiattered  drops  fall  in  a  fine  spray  the 
deposit  is  pearly,  and  the  surfsu^e  very  finely  spicular.  If  the  spray  be 
coarse  the  rods  are  stouter  and  capped  by  pearly  heads  of  lustrous 
brilliancy.  Thus  the  cone  is  not  only  a  measure  of  a  geyser's  age  and 
\activity,  but  it  tells,  in  a  way,  the  nature  of  the  eruption. 

Artijieial  produvtiuu  of  ffcyser  eruptions. — Erui>tion8  of  Stroki  have, 
for  many  yi'ars,  been  prov<>ke<l  by  artificial  means.  The  fiiunel-shapetl 
geyser  throat  inake-s  it  an  easy  matter  to  phig  it  with  a  barrowful  of 
turf  ent  in  the  adjaeent  marsli.  This  acts  as  a  cover,  confining  the 
steam,  wlii(  h  finally  overcomes  the  resistance  and  pro<lnces  an  erup- 
tion. Travellers  have  also  a ttciii  j)tecl  to  hasten  the  enii)tions  of  geysers 
by  throwing  bhwrks  of  siiit*  r  down  the  tube,  but  it  is  evident  that  such 
monsnres  can  only  succeed  when  the  forces  of  heat  and  pressure  are  tu 
a  very  delicate  cquilihriuni. 

In  the  Vellowstonc  ;ieyser  l>asins  it  has  been  found  that  ji'cyser  cniji- 
tioiis  may  l>e  hastened  or  eveu  caused  in  simply  boiling  sj)riiigs  by  the 
use  of  soap  or  of  lye.  The  iliscovery  of  this  extraordinary  fact  was 
ujade  in  a  very  curions  way.  A  Chinaman  was* engagetl  by  riie  hotel 
con»pany  to  Avji>li  liu'  soiled  linen:  thinking  to  utilize  tlu' ;d)undancoof 
hot  watei-  ]M'ovidctl  by  nature,  a  rude  can  va.s  building  was  |nit  up  over  a 
small,  cireidar,  boiling  spring  near  the  edge  of  the  Kiiehoh'  Kiver.  lu 
this  sj)ring  the  partly  cleansed  iiiid  sna])ed  <*lothes  weic  j)ut  to  boil, 
suspended  in  a  wicker-basket.  All  went  well  until  the  Chinaman  left  his 
bar  ot  soap  with  the  eloliies.  when  the  sjtriiig  suddenly  threw  out  bas- 
ket, clothes,  and  hot  water,  wreekiug  the  shanty  and  starting  the 
Chinaman  on  a  run  from  a  place  that  was  too  near  the  internal  regions 
for  comfort.  Thiseruptum,  and  the  cd>served  eff'ect  of  soap  in  increas 
in;:  the  el)ullition  of  boiling  springs,  led  U\  the  use  of  soap  to  i)ro<liiee 
eruptions  of  this  boiling  but  not  siK)uting  spring,  thenceforth  known 
us  the  Chinaman. 

The  success  attending  the  use  of  soap  in  this  instance  suggested  to 
a  plmtographer,  F.  Jay  Haynes,  the  use  of  .soup,  or  its  cipii\  alent,  lye, 
to  hasten  erujjtions  of  thos*-  geysers  of  which  ho  desiie<l  to  obtaiu 
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pliotographSy  and  led  to  experiments  by  the  Geologiral  Survey*  show- 
ing that  eruptions  can  be  priiduced  in  many  cases  of  geysers,  which  have 
been  most  t  apricious  in  their  exhibitions,  or  have  been  inactive  ibr 
weeks  or  even  months.  The  conditions  essential  to  the  sucoessfnl  use 
of  soap  or  lye  for  this  purpose  seem  to  be  that  the  geyser  tube  be  small, 
and  the  water  near  its  boiling  point,  if  not  actually  boiling  at  the  sur- 
face. Many  of  the  bowls  in  the  Yellowstone  possess  a  temperature  at 
their  surface  exceeding  the  theoretical  boiling  point  for  the  altitude 
by  1  or  2  degrees.  This  ^itarently  anomalous  fact  is  not  due  to  the 
mineral  matter  held  in  solution  by  the  hot  waters,  for  the  analyses 
show  that  amount  to  be  too  small  to  liave  any  appreciable  effect,  but 
it  is  explained  by  the  waters  being  free  from  air,  it  being  well  known 
to  physicists  that  water  O^ed  feom  air  has  an  increased  boiling  point, 
because  of  the  greater  cohesion  of  the  particles.  The  effect  of  the 
soap  is  to  increase  the  viscosity  of  the  water,  the  consequent  explosive 
liberation  of  steam  prodncing  an  eruption. 

Variatiofu  in  geyxer  periods, — Many  geysers  are  easily  mistaken  for 
simple  hot  or  boiling  springs,  since  during  the  long  intervals  between 
eruptions  they  present  no  indications  of  their  true  nature. 

The  interval  between  eruptions  is  manifestly  dependent  upon  the  two 
factors  of  hent  and  water  supply.  It  rarely  happens  that  these  fac- 
tors are  so  constant  tliat  the  geyser  has  a  definite  period.  Even  in  the 
case  of  Old  Faithful,  tlit*  most  reliable  of  all  geysers,  there  are  very 
considerable  vanuttons  in  the  period,  though  the  average  is  always  con- 
stant from  day  to  day. 

It  sometimes  happens  that  a  slight  change  in  the  conditions — a  les- 
sened amount  of  heat  or  increased  amount  of  water — will  cause  a'ces- 
sation  of  a  geyser^s  ernptions  for  a  long  period.  This  has  hapiiened  in 
liTew  Zealand,  where  the  Waikite  geyser,  near  Lake  Botorua,  inactive 
for  many  years,  suddenly  exploded,  scattering  blocks  of  sinter  and 
scalding  several  Maoris  who  hapi>eued  to  be  near  by.  The  Excelsior, 
undoubtedly  the  largest  geyser  of  the  world,  was  not  aeen  in  action 
until  1878,  continuing  its  periodic  eruptions  till  1882,  when  it  ceased 
and  did  not  play  again  until  1888.  Last  summer  it  wa^*  ajjain  inactive, 
though  the  water  boiled  furiously,  bulging  up  several  feet  in  the  center 
of  the  great  caldron. 

Observations  made  in  ISiwf  Zealand  liave  led  to  the  belief  that  the 
eruptions  of  (MTtain  geysers  were  inOueuced  by  the  barometric!  pres- 
sure, and  it  18  said  that  certain  geysers  are  only  aetivo  during  the  prev- 
alence of  a  northwest  wind.  Observations  in  the  Yellowstone  show  nt> 
such  con  espoiidence.  As  a  rule  the  water  surfsice  exposed  is  small  and 
theeffe<'t  of  temperatrr/e  and  pressure  would  be  scarcely  appreciable, 
yet  theoret leal ly  it  is  (pi lie  probable  that  when  the  forces  in  a  geyser 
are  in  a  delicate  equilibriuBi  a  change  of  temperature  and  pressure  of 
the  air  would  be  quite  sufAeient  to  cause  an  eruption. 

*  "SoajHiig  Ge^BCTH,"  Aruuid  Hague,    [/V<im*.  Am.  Inxt.  Min.  I'lntj.,  Feb.,  l^W.j 
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Ill  ail  artirlo  in  tlie  May  iiuiuher  of  l\w  Mefc(>r<d<Hfisrltc  Zeitttchri/t 
eiititlefl  *'Oh  Mie  theories  of  t lie  j^eneral  cin  ulatioii  ot  tlie  atiuosphere, 
et<r.,^  Mr.  A.  Sprung  has  published  a  criticism  of  my  conipntation  of  the 
direction  and  force  of  the  jjeneral  atmospheric  emu  nt  contained  in  niy 
memoir,  entitled  On  the  conservation  of  enerfjy  in  tl»e  cartlfs  atmos- 
pin- re,'** presented  ttJtlic  ac;Mlemy  ^^a^ch  4,  l.s.s(;.  Thes<» criticisms iii<Uiee 
me  to  inRke  a  brief  reply,  not,  indeed,  tor  the  ])iirpo.se  of  rebutting  the 
objccticHi.s  of  Dr.  Spniiij^  to  the  rijrid  validitN  of  flic  results  of  my  com- 
putation—  objections  with  which  in  i)ai  t  1  wholly  a;,n'e(^ — but  to  answer 
the  assumption  that  I  have  made  the  attenii>t,  in  the  same  way  as 
Ferrel,  "to  build  up  on  theoretical  computations  a  theory  of  the  fjen- 
eral  circulation  of  the  atmosphere.^  Setting  aside  the  fa<'t  that  1  do  not 
consider  myself  to  be  sufficiently  versed  iu  mathematical  analysis  for 
Bnch  ail  attempt,  I  hold  that  this  method  is  utterly  inapi)r<>priate.  A 
problem  so  extraordinarily  complicated  as  that  of  the  general  circula- 
tioD  of  the  air  can  not  possibly  be  oonstnteted  backwards  upon  the 
basis  of  mathematical  computations.  There  has  been  lacking  up  to  the 
present  time  the  simple  fundamental  law  governing  all  the  phenomena 
in  action.  In  my  considerations  Upon  the  conservation  of  energy  in 
the  earth's  atmosphere,"  I  have  endeavored  first  to  state  the  forees 
which  produce,  maintain,  and  retard  atmospheric  motions,  and  next  I 
have  sought  to  determine  by  computation  the  general  motion  of  the  air, 
both  in  direction  and  magnitude,  produced  by  their  interaction.  With 
respect  to  this  method,  it  is  not  correct  to  say  that  I,  "  in  the  same 
way  as  Ferrel  before  me,  would  show  by  computation  an  original  con- 
dition of  motion  in  the  atmosphere,"  in  order  to  make  it  a  basis  for  my 
further  speculations.  It  is  equally  incorrect  to  say  that  in  my  compu- 
tations I  have  wholly  neglected  the  retardation  of  the  motion  of  the  air 
by  friction. 

The  meridional  air  current,  very  aptly  called  by  Sprung  the  funda- 
mental circulation  ( Orundcirculation),  upon  which  my  theory  of  the 

*  From  the  SitsungtberichU  thr  Kimigl.  Fr^un.  Aoad.  dcr  Wi9t,  zn  Berlin. 
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general  nysbem  of  winds  ifi  based,  depeuds,  in  plain  texms,  on  the  eqoi- 
Hbiinm  between  the  acceleration  of  the  air  in  the  eqoatorial  npdraft 
(caused  by  the  overheating  of  the  lowest  air  layers  of  the  torrid  zone 
by  solar  radiation)  and  the  loss  of  energy  which  the  transported  air  ex- 
periences  in  its  course.  The  mixture  of  the  air  masses,  which,  without 
a  ^'fundamental  circulation,^  must  rotate  with  the  yelocity  of  the  earth's 
surfoce  ui)on  which  they  rest,  is  accomplished  by  it  in  the  course  of  a 
thousand  years.  I  have  used  the  mathematical  idea  of  the  sudden  Mc- 
tionless  miogliug  of  air  layers  at  all  latitudes  only  in  order  to  determine 
in  a  simple  way  the  condition  of  motion  both  with  respect  to  direction 
and  maipiitnde  already  prevailing  since  a  primitive  period.  Ferrel  does 
not  proceed,  as  I  do,  from  afiindamental  circulation  which  inter-changes 
the  air  layers  rotating  with  their  respective  latitude  velocities  while 
moving  forward  and  thereby  gradually  mixes  them,  but  allows  this 
mingling  to  be  effected  in  a  meridional  direction  by  a  frictionless  dis- 
placement of  the  rotating  rings  of  air  at  different  latitudes,  the  reasons 
for  which  are  not  specifically  given.  This  conception  of  the  mode  of 
mixture  furnishes  essentially  the  same  basis  fi>r  oompntatiou  as  mine, 
and  Ferrel  rea(*hes  the  same  results  of  computation  so  for  as  the  direc- 
tion of  the  wind  currents  is  concerned.  But,  on  the  other  hand,  there 
exists  an  essential  difference  in  our  results  for  the  relative  meridional 
wind  force  at  the  latitude  of  35o. 

The  assumption  of  Dr.  Sprung  that  neither  of  the  two  theories  can 
be  regarded  as  completely  correct  I  wholly  agree  with.  In  fact  I  have 
never  considered  my  theory  in  any  other  light  than  as  a  first  approxi- 
mation to  the  truth.  With  tins  idea  I  have  left  out  of  consideration  in 
my  computation  complicated  iiiHuences,  mvh  as  that  of  the  decrease  of 
temiieratnre  toward  the  poles  and  that  (»f  the  non-coineidence  of  the 
direction  of  the  e«*ntriruj;al  force  with  the  force  of  gmvity.  The  latter 
fact,  whose  action  is  uImo  left  out  of  consideration,  that  rotating  air 
nia.sse^  in  higher  hit  itudcsnnist  every  wliero  have  the  tendency  to  move 
forward  in  great  circles,  and  thus  tend  to  move  toward  the  equator, 
would  cause  a  decrease  of  air  pressnre  as  we  appi'oach  the  poles,  and 
wonhl  (onseqnently  essentially  impair  the  result  of  my  computation  of 
the  mixing,  if  tliis  tendency  were  not  compensated  by  other  forces  which 
have  an  opposite  efl['e<;t.  It  is  not  these,  however,  but  other  assnmptioua 
of  a  fundamental  character  which  mark  a  very  essential  dift'ereuce  be- 
tween the  two  coneei)tions  and  lead  to  resnlts  qnite  at  variance  with 
one  another.  In  the  first  place,  I  refer  to  Ferrel's  assumption  that  the 
so  called  princi])le  of  area^s.  in  the  form  of  the  conservation  of  the  moment 
of  rotation,  applies  to  the  disi)laeement  northwanl  or  sonthward  of  the 
air  rotating  witli  the  earth's  snrfjwe.  I  can  not  agree  with  this,  juid 
mnst  ent«'r  my  (Ie<  irlcd  protest  against  the  idea  that  the  conservation 
of  the  momoiif  of  rotation  is  api)licable  to  the  movement  of  the  air. 

The  law  of  areas,  borrowed  from  astronomy,  means  that  a  mass 
which  moves  treely  ai*uuud  another  describes  equal  areas  in  equal 
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times.  This  1i;i])im us  in  ronstMiiu'iici'  of  tht:  lU'coleratioii  of  tlie  rotar- 
io^'  mass  while  appruucluiig  tlic  renter  of  attraction  of  the  fixed  iiiasii, 
and  the  correspondinfj  retardation  whicli  it  experieiu-es  in  departing 
fn*m  it.  Tlic  ^eater  veloi'ity  <lerived  fmm  the  ai*eeU»ration  resnlts  in 
tlie  description  of  a  greater  arc  in  a  unit  of  time,  and  leiwls  tliert  ioi  e 
to  tlie  laws  of  areas.  Now,  aceordinj;  to  Ferrel,  a  mass  <}f  jiir  rotatinfj 
with  the  earth's  surface  in  any  latitude,  when  displa<  i<l  northward  or 
s<  ulliward,  can  not,  as  I  understand  it,  continue  its  course  with  its 
ahsohiti'  velocity  unchanged,  as  would  be  the  case  in  the  conservation 
(if  its  ri8  rim,  but  its  moment  of  rotation  must  remain  c(uistant,  which 
(•or?>  sjM)nds  to  an  iin[Kntant  change  of  velocity.  In  order  that  the 
iiininent  uf  rotation  shall  rcinain  constant — \vl»irli  will  be  the  case  if 
the  hnear  velocity  of  the  rotatiu-  inxl)  rhanges  in  such  a  way  that 
equal  surfaces  are  describeil  by  it  in  e<iual  times — there  must  be  ex- 
pende<l  a  considerable  amount  of  energy  in  order  to  effect  the  change 
of  velo<;ity  of  the  inert  mass.  But  the  force  that  couhl  do  this  work 
is  quite  Im-king.  If  we  sliorteu  the  radius  of  rotation  of  a  rotating 
solid  mass,  then  the  force  which  (causes  the  shortening  must  overcome 
the  eeutrifugal  force.  The  sum  of  the  products  of  all  the  centrifiigal 
forc^  overcome  by  the  paths  traverml  givea  the  work  performe<l  in 
accelerating  the  rotatiug  ma>vs,  and  this  is  sufficient  to  maintain  the 
law  of  surfaces;  that  is,  here  the  moment  of  rotation  is  constant.  Bat 
in  the  motion  of  tlie  air  ui>on  the  earth's  surface,  no  analogous  relations 
subsist.'  In  a  tangential  displacement  on  the  earth's  snrfaoe,  no  change 
of  gravity  takes  place  and  no  acc^eleration  of  the  displaced  mass  hy 
gravity.  It  is  jnst  as  difficnlt  to  understand  by  whiit  means  a  pres- 
sure  upon  them  of  neighboring  air  layers  should  arise  for  displacing, 
which  would  be  able  to  do  the  enormous  work  of  aceeleratioii  that  the 
conservation  of  the  moment  of  rotation  requires! 

A  displacement  of  the  whole  air  mass  of  a  rotating  ring  in  a  nortli 
or  south  direction  is  not  practicable,  since  the  volume  of  such  a  ring  of 
given  thickness  changes  with  the  cosine  of  the  latitude.  Thus  in  a 
poleward  displacement,  a  corresponding  part  of  the  mass  of  the  ring 
must  remain  behind — ^relatively,  must  return  to  the  eiiuator.  But  also 
for  the  portion  of  the  ring  of  air  actually  displaced  toward  the  pole,  no 
physical  reason  can  be  found  why  the  conservation  of  its  moment  of 
rotation  must  be  assumed.  On  the  contrary,  this  assumption  would 
lead  to  the  greatest  contradictions  and  discontinuities;  for,  in  the 
assumed  original  condition  in  which  no  meridional  currents  yet  existed, 
•  from  which  Ferrel  as  well  as  I  have  proceeded,  the  air  rotated  at  each 
latitude  with  the  velocity  of  the  ground  upon  which  it  was  at  rest. 
The  velocity  of  the  masses  of  air  therefore  decreased  with  the  cosine  of 
the  latitude  Now,  with  the  appearance  of  a  meridional  cnrrent,  this 
relation,  accoMing  to  Ferrel,  would  not  only  have  to  be  inverted,  but 
instead  of  a  decrease,  an  increase  in  the  velocity  of  the  air  must  take 
place  at  a  still  higher  rate,  if  the  moment  of  rotation  of  the  air  is  to 
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remain  constant.  But  why  tliis  must  roniaiu  constant  ami  what  force 
could  efiect  the  enormouH  increment  of  the  vis  viva  stored  up  in  the 
rotary  air  mass,  remain  equally  incomprehensible.* 

I  pass  now  to  another  assumption  of  FerrePs,  with  which  I  cannot 
brin^r  myself  to  ag^rcc.  It  is  this,  i.  r.,  that  on  an  inclined  snrfa<*e  of  equal 
air  pressure  tlicre  can  be  a  descent  of  the  overlying  air  layers.  It 
is  just  as  impossible  that  there  should  be  an  im})ulRe  to  tangential 
dis])lacement  on  sloping-  isobarie  suifnccs  ;is  in  the  ease  of  level  sur- 
faces. Tliat  sucli  a  disj)laeement  eonhi  not  in)ssibiy  exist  is  evident  at 
once  from  the  consideration  tliata  <lescendinx  stream  of  ,  in  ease  it 
actually  I't  ^ins  at  anv  tinie.  must  immediately  develop  a  eliunjre  of 
pressure  destroyiii;;  the  (Miuilibrium,  and  must  at  once  produce  a  returTi 
current.  It  resnlts  iVom  this  that  a  ccjutinuously  pro*»Tcssive  hratm^ 
of  the  at!nos]diere,  siich  as  in  reality  (aside  from  disturbances)  takes 
l>laee  fnmi  the  ])olar  i-ej^ions  down  t<»  the  equator,  furnishes  no  ]>ossi- 
bility  frn- a  meridional  eireulatiou  such  as  Dove  also  has  assumed.  It 
is  j»ossil)le,  in  such  an  unequally  heated  atinosi)]iere.  to  draw  at  all 
heights  isobarii*  surfaces  extending  from  the  equator  to  the  poles,  ou 
which  no  voluntary  air  motion  can  orij»inate. 

In  spite  of  th(»  *ri  eat  rarefaction  by  the  heat  ol'  the  torrid  zone,  the 
atmosphere  would  nevertheless  remain  at  rest  if  no  disturbance  of  the 
neutral  i  quilibrium  took  place  in  any  part  of  it  The  neutral  efpiihb- 
rinm.  wiihtheadiabatic  temperature  gradient  belonging  to  it,  is  the  true 
4'ondilion  of  tlu'  equilibrium  and  of  the  relative  restof  the  atmo.**phere. 
This  means  that  (apart  from  all  frietion)  no  expenditure  of  work  is  re- 
quired to  bring  a  mass  of  air  from  one  heiglit  to  another;  that  is  to 
say,  that  the  energy  consumed  in  the  ex])ansion  of  the  air  under  pres- 
sure linds  its  equivalent  in  the  loss  of  heat  by  cooling,  and  vice  versa. 
The  general  prevalence  of  neutral  equilibrium  in  the  atmosphere  is 
therefore  the  cause  of  its  state  of  relative  rest,  and  every  disturbance 
of  this  equilibrium  is  of  the  nature  of  an  accumulation  of  energy  and 
has  a  tendency  to  eaune  currents  in  the  air  and  thus  to  restore  tlie 
condition  of  neutral  equilibrium.  The  origin  of  these  disturbaooea 
is  to  be  sought  exclusively  in  the  unequal  heating  of  the  air  strata 


*  I  must  tlierefore  decidedly  object  to  tbe  explaoAtory  statement  of  Dr.  Sprang, 
**  that  my  Msamption  of  the  constantvelocit y  of  rotation  of  the  nir  would  be  subject 

tn  tlic  srniM'  prr(»r,  or:it  h'U8tone  vory  near  to  it,  tlmt  \  itintrd  the  wlmle  cnnccptinn  of 
Jlaillt  y  and  l)ii\r  as  to  th©  iiifliHMX-n  of  the  p.-irtli's  rittation  upon  th»'  luotion  of'  th« 
air."  Dr.  8)iruiig  quotes,  (piitc  ini]Moprrly  uh  a  warrant  for  thiH  opinion,  the  memoir 
by  von  HeniboItK  Up<Nr  atmospberie  motions,"  Yon  Hemholta  in  this  uatii«nali- 
ejil  inrestigation  has  treated  the  hypothetical  case^  viz :  "  If  we  consider  a  rotating 
riiiu  of  air,  who.sc  axin  coincich'K  with  the  earth's  axis,  and  wbt<di  is  dinplaoed  either 
northward  ">r  s.mthwanl  hy  the  pressure  of  Hiinihir  neitrhlxHiui*'  rings,  then,  accord- 
ing tr»  the  \v»  iJ-Uiiown  general  uu>ehauieal  prinriph^,  the  lauiuentof  rotation  must 
remain  cou«tajit."  ThiMisundoabt'edly  correct,  since  in  thisaaHunied  cane  the  presaure 
of  neighboring  rings  does  the  work  of  acceleration,  but  tiie  present  question  ia  fhia: 
Whether  forces  are  demonstrably  present  wbicD  produce  this  divphudng  preaauref 
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by  solar  radiation,  and  in  their  uneqnal  cH>oling  by  the  nidia- 
tioii  of  heat  into  space.  The  solar  radiation  especially  heats  the 
earth's  sm-face,  and  by  means  of  this,  the  lower  air  layers  conti^ons 
thereto.  The  excess  of  temperature  thereby  produced  above  the 
adiabatic  grouud  t^^mperatnre  (which  latter  corresponds  to  the  average 
heating  of  the  whole  overlying  air  oolnmn),  constitutes  an  aecnmulation 
of  free  energy,  like  that  of  a  stretched  spring,  wluch  can  be  brought 
into  equilibrium  again  only  by  such  a  diftusion  of  the  existing  excess 
of  temperature  of  the  lowest  strata  upward  through  the  entire  overly- 
ing air  column  as  shall  rentoro  the  disturbed  equilibrinin. 

Practically  this  can  only  be  done  by  means  of  air  currents.  In  the 
case  of  a  locally  restricted  overheating  there  will  ori<^quate  at  any  fjivor- 
able  place  a  bnlf^ing  upward  of  the  overln»ated  air,  whicli  thcTi  in- 
creases r:j])idly  in  lieij^ht,  since  the  upward  thrust  increases  at  a  rate 
proportional  to  the  height  of  t)ie  natural  chimney  thus  formed.  But 
apart  fnirn  its  height,  this  chimney  is  to  be  essentially  distin«4nished 
from  an  ordinary  one  by  the  fa<  t  that  it  has  elastic  walls,  and  that  the 
pressure  and  density  of  the  air  strata  inside,  as  well  as  ontside  of  it, 
diminish  with  height.  Thus  the  air  velocity  during  the  up-rush  in- 
creases in  an  inverse  ratio  to  the  density,  since  in  every  minute  of  time, 
an  etpially  great  mass  <»f  air  must  pass  tlirou^>h  every  section  of  the 
chimney,  binee,  in  consideration  of  the  small  height  of  the  atmosphere 
as  compared  with  the  eartlf  s  radius,  no  increase  of  volume  with  the 
height  T^eed  be  taken  into  consideration,  therefore,  in  general,  the  ve- 
h»eity  of  the  air  currents  in  aseeuding  and  descending  must  increase 
and  deciea.se  with  the  h)cally  prtivailing  air  pressure. 

Hence,  also,  in  the  case  of  an  up  rush  of  air,  more  of  the  solar  energy 
ivct;umulated  in  it  is  transformed  into  the  vi^  viva  of  moving  masses  of 
air  than  would  be  the  case  without  such  an  acceleration. 

In  the  case  of  an  up  rush  of  a  limited  mass  of  air  overheated  at  the 
ground,  the  ftiiul  lesult  is  a  local  upi  ush  with  accelerated  velocity  up 
to  the  higher,  and  even  the  highest,  air  regions,  and  simultaneously  a 
des<'ent  of  the  air  strata  surrounding  the  uj)ward  currents,  ^vith  a  veloc- 
ity diminishing  dui'ing  the  descent,  and  liually  a  diffusion  of  the  aecu- 
mulated  heat  at  the  earth's  surface  to  all  the  overlying  air  strata,  witii 
a  restoration  of  the  disturbed  neutral  equilibrium  of  this  part  of  the 
atmosphere. 

In  essentially  the  same  manner,  but  in  its  outward  manifestation  very 
differently,  this  restoration  of  the  neatral  eqailibrium  disturbed  by 
solar  radlfltion  takes  place  when  the  overheating  of  the  air  strata 
adjacent  to  the  ground  extends  over  an  entire  zone  of  the  earth.  In 
this  case  the  np-msh  can  no  longer  be  locally  restricted,  bnt  most  sys- 
tematicaUy  snrronnd  the  whole  torrid  zone.  Neither  can  it  be  limited 
as  to  time,  but  the  process  of  a^jostment  mnst  continne  jnst  as  long  as 
the  causes  of  distnrbance.  There  mnst  therefore  originate  a  eircnlatory 
system  embracing  the  whole  atmosphere,  which  finally  performs  the 
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task  of  coiivoyiii}?  the  excessive  heat  ui  the  air  strata  adjaeent  to  the 
^nmiid  ill  tlie  torrid  zone  continuously  to  the  entire  atmosphere  at  all 
altitudes  and  latitudes,  and  tl?or<'])v  restoriufj,  by  a  progressive  circu- 
lation, tlu*  neutral  equilibriiun  disturbed  in  the  torrid  zone. 

If — with  a  <()nsideration  of  the  eircurastauce  that  the  patii  ol  these  cur- 
rents can  not  intersect,  and  of  the  further  circumstance  that  the  veloc- 
ity ot  theuprisufjr  c  urrents  must  increase  with  the  height  in  a  ratio 
inversely  proportional  to  the  air  i)ressure  there  prevailing,  and  liually 
of  the  circumstance  that  the  air  must  retain  unchan^^ed  the  velocity 
it  once  received,  until  it  is  destroyed  by  friction,  mixtuie,  or  the 
work  of  compression, — one  attempts  to  construct  the  possible  path.^  <d' 
these  currents,  then  he  will  necessarily  arrive  at  the  wind  system  as- 
sumed by  m«,  which  rests  essentially  upon  the  inertia  of  tlie  overheated 
air  set  in  a»'<^elerated  motion  by  the  ef|uat/)nal  updratl.  This  inertia 
not  only  drives  the  accelerated  air  in  the  liiirher  air  regions  towai'd  the 
jjoIps,  1  Ml t  it  is  also  the  cause  of  its  retuiu  in  tlie  lower  strata  to  the 
ecpmtor. 

It  would  lead  me  beyond  the  limited  scope  of  this  memoir  were  I  to 
enter  upon  a  more  extended  investigation  of  the  inertia  ett'ects  of  this 
mass  of  air,  or  ujwu  the  partly  modifying  inrtuence  of  aqueous  vapor. 
But  permit  me  to  add  a  few  words  upon  the  development  of  tiie 
great  local  accuninlations  of  energy  which  And  expression  in  maTlma 
and  minima  of  air  pressQie.  The  total  air  pressnre  over  all  paria  of 
the  earth  must  be  constant^  since  this  integral  represents  the  unehangr- 
ittg  weight  of  the  total  mass  of  tar.  A  loeat  diminatton  of  preasore 
mast  therefore  be  accompanied  by  an  increase  of  pressure  at  other 
places.  It  is  manifestly  fruitless  to  seek  tbe  cause  of  areas  of  high 
and  low  pressure  in  the  local  condition  of  the  atmosphere.  These  areas 
are  fi:eqaently  announced  by  the  barometer  long  before  any  change  in 
the  condition  of  the  atmosphere  at  the  earth's  surface  has  occurred. 
Only  light  streaks  of  cloud  are  frequently  wont  to  betoken  a  change 
originating  in  the  higher  regions  of  the  atmosphere. 

In  my  memoir^  ^  Upon  the  conservation  of  energy  in  the  earth's 
atmosphere,''  I  have  already  removed  the  place  of  origination  of  areas 
of  high  and  low  pressure  to  the  higher  regions  of  the  atmosphere. 
In  these  areas  continuons  changes  of  temperature  and  velocity  take 
place  which  are  derived  firom  the  place  of  np-rush  of  the  aur,— that  is, 
from  their  previous  temperature  and  humidity.  If  no  cliange  of  sea- 
sons took  place,  probably  a  greater  regolarity  would  prevail  in  the 
upper  currents  of  the  air,  which  then  would  also  give  weather  rela- 
tions a  definite  sequence;  such  a  sequence,  up  to  the  present  tune, 
has  not  been  detected.  We  can  not  judge  from  what  region  the  air 
comes  which  at  any  point  of  the  earth's  surface  momentarily  flows 
poleward  at  higher  elevations.  The  temperature  and  velocity  which 
this  air  has  depends  on  the  place  of  up-rush  and  on  the  season  of  the 
year.  Now  since  the  consumption  of  heat  in  the  np*rising  of  the  air. 
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i\nd  constMiiieutly  in  its  coiiipressioii  under  pressure,  depends  entirely 
on  the  de^j^reo  of  riin'Ajctioii  prodnccHl.  ;ind  iip«ni  the  lieifjlit  of  the 
ascent,  then  nearly  tiie  ttamedimiuutiou  ut  temperature  will  take  place 
in  \v;inn  as  iu  <Dld  nir. 

'(  Ik/  (  x'ccs.s  of  In  al  wliifh  tht»  air  p(>s8essed  before  the  upriish  must 
nmiiiiuf  to  piTtain  to  the  raretu  il  ami  coohMl  air,  and  hence,  at  all  alti- 
tudes, temperature  dift'erenees  must  exist  of  a  magnitude  similar  to 
thost'  Jit  the  surfa<  e  of  the  earth. 

From  this  basis,  the  eondition  of  the  atmosphere  in  jjeneral  will  not 
be  that  of  unstjible,  butof  Rtablee<[uilibi  imn,  since  the  higher  air  strata, 
on  lujcount  of  their  equatorial  t«'ndenev,  will  be  on  theaverfijye  warmer 
and  lightw  than  the  a<liabatie  temperature  gradient  of  the  phu'-e  over 
which  they  are  found,  recpiires.  The  higher  the  excess  of  tem|>era- 
ture  of  the  air  before  its  ascent  and  the  more  vapor  it  contains,  the 
jjreater  must  be  tlie  velocity  which  it  acquires  iu  risin^j:.  In  the  hijjher 
strata  of  air  of  uiitl»ile  and  lii^^h  latitudes,  relatively  warm  and  there- 
fore li^ht  currents  of  air  of  great  velocity  must  alternate  with  the  colder 
and  slower  tlowinj;  ones. 

Sneli  a  current  of  air.  relatively  li^^lit  and  warm,  which  takes  entii-e 
in  i»  irtial  possession  of  the  hii^ber  levels,  destroys  the  neutral  equilib- 
rnim  <d' the  lower  strata.  At  the  surf  ace  of  contact  of  the  strata,  the 
li»wer  air  which  is  relatively  at  rest  must  be  under  too  ffreat  a  ju-es- 
sure.  It  must  therefore  expand  and  be  caii  ied  along  by  the  lighter  air 
^    \vlii<*.h  flows  rapidly  above  it. 

As  YOU  Helmholtz  has  shown^  this  process  must  go  on  with  great 
energy  under  a  wave  form.  The  result  mast  he  an  expansion  and 
up- flow  of  the  lower  air,  which  will  contiiiiie  until  nentral  eqnilitoinm, 
disturbed  by  the  diminished  pressure  of  the  npiier  strata,  is  again 
restored. 

The  inverse  case  will  occor  where  the  air  pressure  of  the  upper  strata 
Is  increased  beyond  the  amount  belonging  to  the  elevation,  by  reason 
of  cooling  and  of  backing  up,  resulting  from  the  narrowing  of  the 
current  with  increasing  latitude.  In  this  case  there  will  be  a  settling 
down  of  the  bounding  strata,  producing  a  condensation  of  the  lower 
strata  with  a  corresponding  increase  of  pressure.  Finally,  in  both 
cases,  the  disturbed  neutral  equilibrium  must  be  restored  through  the 
action  of  upward  or  downward  currents,  by  means  of  which  the  air 
strata  lying  beneath  the  sources  of  disturbance  part  with  or  take  up 
air  until  neutral  equilibrium  is  restored  throughout  the  entire  height 
of  the  atmosphere. 

In  order  to  effect  this,  the  air  pressure  of  the  lower  strata  must  in- 
crease or  diminish  until  it  becomes  adjusted  to  the  pressure  gradient 
of  neutral  ec|nilibrium  of  the  disturbing  upper  strata.  That  is  to  say, 
the  pressure  at  the  eartli^s  surfiMje  must  change  proportionately  with  the 
variation  of  pressure  at  the  elevation  itself,  whereby  the  surprising 
magnitude  of  the  changes  of  pressure  at  the  earth's  surface  find  their 
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ooniploto  explanation.  This  cliauge  of  condition  of  the  lower  strata 
by  tliis  mode  of  adjustment  will  continue  just  as  lonfj  as  the  causes 
of  disturbance  in  tlie  n])p('r  strata  eontinne.  Till  then,  areas  of  low 
pressure  with  rising  currents  or  arcns  of  liiirh  pn'ssure  witli  a  down- 
ward motion  must  ])revail  and  set  the  atmos]>here  over  an  ex- 
tended region  into  cyclonic  motion.  Not  till  the  air  current  in  the 
hijfher  strata  of  the  atmosphere  has  again  reached  it8  normal  relations, 
will  a  mean  barometrio  pressure  and  relative  rest  again  prevail  at  the 
earth^s  surfai^e. 

The  theory  of  the  general  circulation  of  the  atmosphere  may  now  be 
summed  up  in  the  foHowing  ]»rin<  iples: 

(1)  All  motions  of  the  air  oi  -iiiate  in  disiiirbances  «>!  H  o  ueutrai 
equilibrium  of  the  atmosphere  and  serve  tlo'  jmrpose  of  restcu  ing  it. 

(2)  These  disturbances  are  brought  about  through  overheating  of  the 
strata  of  air  lying  next  to  the  earth's  surface  by  solar  radiation,  by 
unsynunetri(;al  cooling  of  the  higher  strata  by  radiatiou,  an<l  by  back- 
ing u])  of  the  moving  masses  of  air  in  case  of  the  occurrence  of  resist- 
ances to  the  current. 

(3)  The  di.-'tuibanccs  are  compensated  by  rising  air  currents  having 
an  act'elera^ion  of  siich  magnitude  that  the  increase  of  velocity  is  pro- 
portional to  the  decrease  of  air  pressure. 

(4)  Corr(»s]yonding  to  the  upward  currents  are  equally  great  dowu- 
w«ard  currcitts  in  which  a  diminution  of  velocity  occurs  comparable 
with  the  acceh'ration  iu  the  case  of  the  rising  current. 

(."))  If  the  region  of  the  overheating  of  the  lower  air  is  a  restrict**! 
one,  a  local  up  draft  sets  in  which  extends  up  to  the  highest  part  of  the 
atinosj)hcrc,  ami  prevsents  the  phenomena  of  whirl  pillars,  whose  intiM  ior 
consists  of  spirally  ascending  currents  and  whose  exterior  is  made  up 
of  similar  8])iral  air  currents  directed  downward.  The  result  of  these 
vortex  currents  is  to  diffuse  the  surplus  heat  of  the  lower  air  by  which 
the  adiabati**  equilibrium  was  destroyed  throughout  all  the  overlying 
air  columns  which  take  part  in  the  vortex  motion. 

(0)  In  case  the  region  of  diBtarlwnce  of  neutral  (or  adiabatic)  cH|ui- 
librinm  is  very  extended,  flo  as  for  example  to  embrace  the  whole  torrid 
jsone,  then  the  equalization  of  temperature  no  longer  takes  place  by 
means  of  locally  uprising  vortex  enrrents;  now  these  onrrents  most 
form  and  encompass  the  whole  atmosphere. 

The  conditions  of  accelerated  uprise  and  of  retarded  down-flow  laid 
down  for  the  local  whirl  still  hold  good,  so  that  the  velocity  of  the 
air  motion  at  different  heights,  developed  by  the  energy  of  heat,  is 
increased  approximately  in  proi)ortion  to  the  air  pressure  there  pre- 
vailing. 

(7)  Since  the  whole  atmosphere  (in  conseqnenee  of  the  continnons 
meridional  circulation  set  np  and  maintained  by  the  energy  of  heat) 
must  rotate  at  all  latitudes  with  approidmately  the  same  absolute 
velocity,  the  meridional  currents  produced  by  overheating  nnifca  witb 
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the  terrestrial  current  in  the  great  system  of  atmospheric  circulation 
embracing  the  wlicle  earth.  This  circulatiou  serves  the  puri>ose  of  dif- 
Insing  upwards  through  tlie  whole  atmosphere  the  excessive  heat  of 
the  torrid  zone^  of  carrying  this  equatorial  heat  and  humidity  to  mid- 
dle and  high  latttadefl,  and  of  briuging  about  the  development  of 
local  air  currents  at  those  parallels. 

(8)  The  latter  phenomena  take  place  as  a  result  of  the  production  of 
alternating  local  increments  and  decrements  of  air  pressure  arising 
from  the  distorbance  of  neutral  equilibrium  in  the  higher  strata  of  the 
atmosphere. 

(9)  Areas  of  high  and  low  pressure  are  consequences  of  the  temper- 
ature and  velocity  of  the  air  currents  in  the  higher  strata  of  the 
atmosphere. 

I  consider  the  investigation  of  the  causes  and  results  of  the  disturb- 
ances of  the  neutral  equilibrium  of  the  atmosphere  to  be  the  most 
fundamental  problem  of  meteorology,  and  the  investigation  of  the 
geographical  origin  of  the  currents  which  pass  over  us  on  their  way 
towards  the  pole  to  be  the  most  important  problem  in  weather  predic- 
t;on. 
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By  ^Vlkxandkb  Awassiz. 

Tlu*  (inlf  Stream  is  the  Ix-st  known  nud  sit  rlir  same  time  tlicnir^st  i"e- 
iiiai  kabk',  exaiiiph'of  tluM'tlVct  of  ocranic  circulation  n]»on  tlie distribu. 
tiou  of  tcinperatun'  iu  comuM  tion  witlt  tlic  mrrcnts  of  tijc  North  Atlaii- 
tie.  Jt  lias  Ions:  been  known  to  }j:e«»gnii>her.s  that  a  t  uhl  current  cou^ini^f 
from  (Trfonlaml  joins  tho  Labrador  current,  and  cxtonrlH  in  a  southerly 
dMre<'tion  alon;:  t  lie  caist^TU  coast  of  the  United  8tate8,  wliile  a  warm  <  ur- 
rent  ponrin^^  through  tho  Straits  of  Florida  flows  in  the  o^jposite  ilirec- 
tion  f  alonii  tlie  coast  of  tlio  southern  Atlantic  States,  and  is  deflected 
fron»  the  biinks  of  Newfoundland  crossing  the  Atlantic  dia^^-^onally. 
Tiiis  \nu\y  of  warm  water  makes  itself  lelt  along  the  west  coast  of  the 
Briti.sb  Islands,  i>enetrating  even  as  far  as  the  cx)a8t  of  Spit/ber<xen, 
and  ])erhaps  beyond,  to  Nova  Zembla.  It  is  impossible  to  discuss  the 
results  of  the  more  rec<'nt  investigations  of  the  Oulf  Stream  ciiiiied  ou 
by  tlH"  llUilt ,  witliout  Includinjjf  the  general  (piestions  of  mu'anie  eircu- 
latioit,  and  of  the  thernnil  eomlii  ions  of  the  Atlantic  in  paiticular.  I 
shall  therefore  briefly  state  such  points,  derive<l  from  the  e\ploratu>ns 
of  the  Ch((lh'n(if'r  ami  other  ev]>editions,  as  will  assist  us  in  understaud- 
iug  the  history  an«l  jihysics  of  this  great  oceanic  current. 

Sir  Charles  Lyell  has  <  alle<l  attention  to  the  fact  that  in  thi*  jiresent 
eiMM'h  the  most  marked  physical  feature  of  the  .sui  lace  of  the  globe  is 
its  subdivision  into  a  land  and  an  <K;eanic  liendsphere.  Thomson,  like 
him.  looks  upon  the  oireans  as  continuous,  and  has  hajJiJily  styh'd  the 
Atlantic,  the  Piicitic,  ami  the  Indian  oceans  as  grt>at  gulfs  of  the  S<mth- 
ern  <  h-ean. 

The  striking  hydrographic  charai-ter  of  the  North  Atlantic  is  its  com- 
parative isolation  from  the  Arctic  Ocean ;  tlie  South  Atlantic,  on  the 
contrary,  is  fiiJly  open  to  the  ciDnilation  of  cold  wat43r  coming  from  the 

*Froiii  the  ItuUelin  of  the  MuteMm  of  Coinjtarntiee  Zndfltfj^y,  at  Harvard  College,  In 
Caiit'n  M.'iHH..  vol.  XI>' :  iv   ]>]■>.  '2\l-'J'>\K 

t  Along  th*i  Auu^rican  cooMt  the  .sniiili  ii  truusition  t'niiit  tii«>  ^rcfii.  toltl,  and  nioreur 
IcM  turbid  wati*r  found  aloug  tbo  coiwt  and  cuutiuental  nhulf,  into  the  doop  blue 
waten  of  the  warm  Qnlf  Stteaui,  is  one  which  has  been  noticed  by  all  who  have 
passed  from  t\w  Hbore  seaward.  ThiM  <*old  green  water,  which  has  such  a  chilling 
iuHuenc*^  on  thn  rliumt<^  of  tbo  New  Knglaad  States,  follows  tlie  line  of  the  Atlantic 
coast  of  the  United  States  far  towards  the  hme  u(  the  peuinsola  of  Florida. 
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Antarctic  Ooeaa.  The  South  Atlantic  is  ahat  oif  from  its  northeni  area 
by  the  ridge  extending  from  St  Poal's  Bocks  to  Ascension^  at  a  depth 
of  aboat  2,000  fi»thoms.  The  Ofaallenger  Bidge  rtrna  nearly  north  and 
aonthy  leaving  a  free  commnnication  between  the  Antarctic  Ocean  and 
the  eastern  and  western  basins  of  the  South  Atlantic  The  North  At- 
lantio  is  subdivided  into  an  eastern  and  western  basin  at  a  depth  of 
abput  1,500  fathoms  by  the  Dolphin  Bise,  which  follows  in  a  general 
ifay  the  course  of  the  S-sliaped  Atlantic  basin.  Bidges  separating  the 
Atlantic  from  the  Arctic  Ocean  extend  across  Denmark  Straits,  {iroba- 
bly  at  a  shallow  depth.  From  Greenland  to  Iceland  the  depth  has  an 
average  of  500  fathoms;  from  Iceland  to  the  Fmroes,  au  average  of  about 
dOO  fathoms,  and  from  there  to  the  Orkneys,  of  not  more  than  220  fath' 
oms.  From  the  cx»nflguratton  of  the  bottom  it  is  evident  that  a  larger 
amountof  cold  water  must  reach  the  tropics  from  the  Antarctic  than  from 
the  Arctic  regions,*  which  are  shut  off  from  the  Atlantic  by  submarine 
ridffcs.  Over  these  and  through  the  channels  of  Baffin's  Bay  but  a 
limited  amount  of  cold  water  can  find  its  way  south,  in  the  eastern 
Atlantict  the  principal  cooling  agent  must  be  the  cold  water  slowly 
flowing  northward  from  the  Antarctic  between  the  Challenger  Bidge 
and  Africa. 

The  shape  of  the  northern  extremity  of  South  America,  together  with 
the  action  of  the  southerly  trades,  is  such  as  to  8plit  the  southern  eqaa^ 
torial  current,  and  to  drive  a  considerable  part  of  this  southern  current 
northward  to  join  tlie  westerly  drift  wfiich  flows  to  the  northward  of 
the  Greater  Antilles  and  Bahamas.  The  phenomena  of  oceanic  circulft- 
tiou  in  their  simplest  Ibrm  are  here  seen  to  consist  of  westerly  currents 
impinging  upon  continental  masses,  detlcc^tcMl  by  them  to  the  northward 
and  eastward,  and  gradually  lost  in  their  i)olar  extension. 

There  is  on  the  west  side  of  the  North  Atlantic  an  immense  body  of 
warm  water,  of  which  the  Gulf  Stream  forms  the  western  edge,  flowiniif 
north  over  a  large  body  of  rold  water  that(K)mes  from  the  poles  and  flows 
south.  The  limits  of  the  line  of  conflict  between  these  masses  are  con- 

*  The  tumperatore  Imo  ran  diagonally  across  the  Atlantic  £ruu  Madeira  to  Triiitau 
da  Cnnha  by  the  Chatttnger  bringn  'Mit  the  remarkably  shallow  stratum  of  warm 

water  of  that  part  of  tliuLM|natorial  regions  which  rorrespODds  to  the  regions  of  the 
tradt«win<l8  both  u<»rtli  mid  south  of  tlic  fr|unt»)r.  'l"hr  trtriporatures  of  the  bolts  c^f 
watrr  l>etw»>o:i  niitl  r><M)  tathoiiis  north  ami  Nonth  of  the  line  jilainlyshow  tliat  the 
colder  water  IuuikI  Hontli  of  tliu  equator  ran  not  coulo  from  the^varIuer  uorthern  belt 
of  the  eaine  drpth,  but  mant  come  from  the  colder  belt  adjoining  the  equatorial  re- 
gion. In  other  words,  the  cold  water  may  bo  aaid  to  rise  towards  the  aorlkee  near 
the  equator;  andAroul  the  !< mpn  aturo  of  the  two  sides  of  the  North  Atlantic  it  ia 
also  evident  that  the  supply  o\'  (old  water  Ibjwiug  from  the  Antarctic  into  the  At- 
lantic in  jprater  than  that  toniiuK  troni  the  Areti<;  regions.  This  vertical  cireula- 
tiou,  characteristic  of  the  equutoriul  belt,  Ib  insiguifieant,  however,  when  coniparod 
with  the  great  horisontal  oceanic  ctirrenta. 

tin  the  Pacifle  the  amount  of  cold  water  flowing  into  it  through  the  narrow  and 
shallow  Hoping  Strait  is  inliniU'siiual  compared  with  the  mass  of  <  ohl  water  oree|H 
lug  northward  into  the  TaciHc  gulf  from  the  depths  of  the  Soathom  Ocean. 
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stantly  cbanging,  according;  to  the  seasons.  At  one  time  the  colder 
water  ttom  Davis's  Straits  spreads  like  a  fiin  near  the  surface,  driving 
the  Gulf  Stream  to  the  east,*  and  at  another,  large  masses  of  warm 
water  extend  towards  the  Faroe  Islands,  with  branches  toward  Iceland 
and  the  coast  of  Portngal. 

An  examination  of  an  isothermal  chart  of  the  Atlantic  dearly  shows 
the  eifeet  of  the  isolation  of  the  Northern  Atlantic,  the  area  of  maxi- 
mum temperature  {ii2o)  extends  over  a  far  greater  space  in  the  North 
than  In  the  South  Alantic.  The  Gulf  of  Mexico  and  the  Caribbean  be- 
come greatly  superheated  in  September  (to  above  860),  the  effect  of  this 
superheating  in  conjunction  with  the  westerly  equatoiial  drift  being 
seen  clearly  iu  the  northerly  extension  of  the  isothermal  lines.  In  the 
South  Atlantic,!  owing  in  part  to  the  greater  regularity  in  the  shape  of 
the  basin,  the  ditterence  iu  the  extension  of  the  isothermal  lines  is  but 
little  marked. 

The  temperature  sections  of  the  CkaUenffeff  from  Teneriffe  to  Som. 
biero,  show  remarkably  well  the  great  contrast  in  temperature  between 
the  eastern  and  western  basins  of  the  At^tic,  which  are  separated  by 
the  Dolphin  Bise.  In  the  east«im  basin  the  oold  water  on  the  bottom 
is  supplied  by  the  indraft  from  the  South  Atlantie,  while  the  wanner 
surface  water  of  the  western  basin  is  due  to  the  westerly  equatorial 
currents.  We  seem,  tberefoi'e,  to  have  masses  of  water  of  different 
temi>eratures  accumulated  at  cf  rtuiu  points  by  surface  or  bottom  cur- 
rents, to  l>e  distributed  again,  either  north  or  south,  into  the  general 
oceanic  circulation^  tlius  restoring  the  e^iuilibrium  disturbed  by  the  un* 
equal  distrilmtiou  of  heat  and  cold  on  the  surface  of  the  oeean. 

Another  temperature  section  (Fig.  1),  which  I  shall  borrow  from  the 
Challenger  soundings,  to  complement  the  work  of  the  Blake  in  the  same 
regions,  is  that  which  extends  from  Halifax  to  the  Bermudas,  and  thence 
to  St.  Thomas.  The  temperatures  observed  by  these  vessels  show 
plainly  the  path  of  the  warm  surface  water,  which  flows  outside  of  the 
West  India  Island.*,  and  joins  the  Gulf  Stream  proper,  whose  waters 
when  united  are  banked  against  the  cold  Labrador  current  in  its  course 
along  the  American  coa^^t. 

Undoubtedly,  the  early  observations  made  npoii  tlic  tpmi)erature  of 
the  ocean  were  defective,  owing  to  the  somewhat  imp<^rl'ect  instruments 
at  the  disposal  of  the  early  explorers;  yet  they  determine<l  the  general 
IM>sition  of  the  cold  and  warm  currents  of  the  ocean  along  our  shores. 

*The  direetion  from  which  the  cnrrents  come  is  phhioly  shown  by  the  natiireof  the 
bottom  specimens,  made  up  iu  part  of  globigormn  brought  by  the  wanner  soutlierly 
surfiwse  emnnitd,  and  in  part  of  nortlitM'ii  foraminifora  and  «it'  voh-auic  sand  iterivtMl 
fr»tr?i  .Tjin  MavpTj  snicl  S])itzlMTgen.  Tbfi  dividiiij;  liiu  s  Tx  twoi  ii  tlifsr-  <le|)(i8itM  nuiy 
lOii.Hulered  a*i  ihu  Uoiiudaries  of  the  arctic  currout  where  it  patw^e^  under  the  Gulf 
Stroaui. 

tThe  parslielism  of  temperatare  is  also  very  mar1ce<l  in  the  Bontfa  Pacific,  wbKre 
there  are  nojlistnrbing  influences.  (See  J.  J.  Wild,  Thalana,  (pi.  xv.)  and  CAol* 
hngtr  Tempeiatoios.) 
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The  mow  systematic  work  of  the  officers  of  the  Coast  Survey  flist 
proved  the  existence  of  vast  bodies  of  water^of  considerable  thickness, 
aud  of  very  ditterent  temperatures  at  corresponfUuj?  depths^  moving  in 
opposite  directions.  It  is  to  the  Const  Survey  that  we  owe  the  demon- 
stration of  tiie  fiict  that  the  waters  of  the  i)oiar  regions  pour  into  the 
tropics  aU)ng  the  bottom,  just  as  the  warmer  eqnatorial  waters  flow 
across  the  temperate  zones  near  the  sarfiAcey  and  make  their  influence 
felt  in  the  iwlar  regions. 

The  submarine  ridfjes  interrupt  the  flow  of  these  cold  polar  waters, 
and  form  the  so-called  closed  ba.sins,  with  a  hi;;licr  bottom  temperature 
than  that  of  the  adjoining  oceanic  basin.  The  effect  of  such  ridges 
upon  the  bottom  temperature  was  tirst  traced  by  the  soundings  of  the 
Porcupine  in  the  North  Athmtic  and  in  the  Mediterranean.  Subse- 
quently the  Ghalhnyrr  discrivered  several  SUch  inclosed  seas  while 
sound iiiir  ill  tlie  Kast  Indian  Archipelago. 

The  correctness  of  these  results  has  been  coiifirnuMl  ])y  tlie  ('oa4=it 
Survey,  from  soundings  in  the  Caril)lH'an  and  in  the  (iulf  of  Mexico; 
their  bottom  teinperatui*'  (at  a  (1e[>th  of  over  L',0l)0  fathoms)  is  exactly 
that  r.{f>.p)  of  the  deepest  part  of  tlie  ridge,  at  about  800  fathoms,  which 
separates  thein  from  th«'  oceanic  Atlantic  basin,  with  its  temperature 
of  360  at  the  depth  of  li.uuO  fathoms. 

The  presence  of  thick  hiyers  of  water  liaving  a  lii^^her  bottem  tem- 
perature than  that  of  adjoining  amis  would  indimte  tlie  presence  of 
ridges  isolating  these  warmer  areas  from  tlie  general  vleci)-sea  occanie 
circulation.  A  map  of  the  Atlantic,  made  entirely  with  reterenee  to 
the  temperatnres.  would  correspond  to  a  reniarkabh'  decree  with  the 
toixjgraphy  uf  tiie  bed  of  the  ocean,  and  show  how  and  where  the  breaks 
in  the  continuity  of  the  cIk  nhition,  both  for  the  arctic  and  antaictic 
regions,  oeenr  ill  liie  Atlantic. 

It  was  nut  however  until  the  Miller-Casella  thei  nionieter  came  into 
general  use  for  deep-sea  investigations  that  a  degree  uf  accuracy  before 
unattainable  in  oceanic  tem]>erature  became^  possible.  It  soon  was  a 
wcll-reicjguizcd  fact  that  as  we  go  deeper  the  temi)erature  dmnnishes, 
and  that  at  great  depths  the  tenii)ei  alnn'  of  the  ocean  is  nearly  that 
of  freezing.  Tn  18r>«S-'r>9,  in  the  Faroes  diannel,  the  T^orcupiut  hmiid 
a  temperauue  of  — 1.4-  0.  at  a  depth  of  ti  to  tat  hums,  and  a  tempera- 
ture of  (P  C  at  .MM)  fathoms,  this  being  a  son;  In  ru  extension,  as  was 
subsequently  fonud,  of  the  deep  ba>in  of  1,800  fathoms  lying  between 
Norway  and  Iceland.  The  same  tcnijierature,  0.9*^  C,  occurs  under 
the  ('([nator  at  a  depth  of  about  2.")00  iVithoms,  while  5°  G.  is  found  at 
a  «lepth  of  .'iOO  fathoms.  As  eaily  as  is,")!)  the  Coast  Survey  had  re- 
corded in  the  Straits  nt  I'loihla  a  teni])erafure  of  4(P  F.  (4.1^  C.)  at  a 
depth  of  ^>00  fathoms,  while  at  the  surface  the  tenipi'rature  was  S{)o  i\ 
(\).  Beyond  l,(MM)  fatlnuns  the  tenip<  raturc  diminishes  very 
slowly.  The  Chalhngrr  also  found  a  leniperatnie  somewhat  below  zero 
oft"  the  ii(o  de  hi  Tlata,  at  a  dejdh  of  ab«Hit  LV.>00  fathoms. 

H.  Mis.  334,  pt.  1  13  r.-  ■        r-  i 
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The  temperature  of  the  oceamc 
basin  depends  upon  the  depth,  the 
latitude,  the  ciurents,  and  the  sea- 
sons; that  of  mediterraneans  (land> 
locked  8ea«)  Is  controlled  by  other 
causes,  which  will  be  more  fhlly  dis- 
cnssed  when  we  come  to  treat  of  the 
temperature  of  the  Caribbean  and 
of  the  Gulf  of  Mexico.  The  constants 
are  the  depths  and  latitude,  while  the 
disturbing  elements  are  represented 
by  the  varying  atmospheric  and  oce- 
anic currents  and  the  seasons.*  The 
effects  of  seasonal  diiferences  of  tem- 
perature do  not  extend  to  great 
depths,  yet  act  with  sniAcient  power 
greatly  to  modify  the  force  and  vol< 
ume  of  the  oceanic  currents.  As  a 
general  rule,  the  temperature  dimin- 
ishes from  the  surfkce  toward  the 
bottom,  a  belt  limited  in  depth  (about 
ISO  fathoms)  alone,  being  subject  to 
vaftations  due  to  the  action  of  the 
sun.  Below  that  the  temi)erature 
generally  decreases  with  the  depth, 
until  we  reach  the  body  of  water  of 
which  the  temperature  may  in  gen- 
eral be  said  to  be  uniform  (about 

As  explanations  of  the  oceanic  cur- 
rents, we  have  iirst  the  gravitation 
theory,  which  looks  upon  the  differ- 
ences  of  temperature  and  of  specific 
gravity  of  the  water  at  the  equator 
and  poles  ns  the  prime  cause  of  oce- 
anic circulation;  next,  Thomson's 
theory,  according  to  which  the  difiTer* 
once  ill  evaporation  and  precipitation 
between  the  northern  and  southern 
hemispheres  causes  a  consequent 
heaping  ni>  of  water  in  the  south* 


*  Dr.  J.  J.  Wild  hwi  given  in  "Thalnaan  "  nncxcplleiit  tUagram,  Rhowiug  ut  a  glance 
the  general  relatiooH  of  tbo  temporatiim  in  tbo  ruiuid  covelopcs  to  the  earth's  cmat. 
It  is  here  ro-^noduced  (Fig.  2),  8lir?htly  tuoililuMl. 

t  As I'limut)*  nink  :is  K(»on  :is  their  t<'iii)>(M-:itni>  uiW-  1m  low  that  of  ;ul joining  wati-n*, 
uutl  UH  tin;  l('ni|u'r;U mo  <liininisjn's  I'min  tin*  sin  tare  to\v;ir<l  11, r  Loitnin,  ai^  well  ;u» 
from  tlio  ctiuatur  ti»  tin'  polo,  u  combiuatiou  of  these  varji  lug  »*k*iui;ut«>  may  prodnoe 
o  somewbot  complicated  oironlatioa. 
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em  heiui.spbcre,  wliicU  south  of  latitude*  50^  in  complefoly  covered  by 
water;  thirdly,  the  theory  which  attempts  to  accoiint  for  the  circulation 
by  the  vis  inertia'  of  the  equatorial  waters;  andylastly;  the  tlieory  which 
considers  the  trade-winds  and  otiier  prevail  in  j:^  winds  as  the  principal 
causes  1)y  which  oceanic  cun'ents  are  produced.  Franklin,  lluniholdt, 
Rennell,  Sir  J<dm  Herschel,  and  OroU  have  supported  this  view  of  the  • 
origin  of  <x«auic  currents. 

Of  course,  until  the  extension  of  the  frictional  crtectof  winds  t^>  «;:reat 
depths  has  avfually  be<5n  nieasm*ed,  the  last  theory,  plausible  as  it  may 
appear,  lacks  its  linal  <lenionstration.  Ft  is  by  no  moaii<  proved,  be- 
ennso  there  is  an  apparent  connection  iiitiin*'  between  the  periodic  va- 
riations of  the  currents  and  of  t  ))♦' tr;uh'-\vind^.  Huit  we  must  seek  in  tlie 
latter  tlie  only  cause  for  the  eMsrenc' of  tlie  lornier.  The  presence  of 
the  Guinea  Stream,  the  position  of  the  regions  of  calms  in  the  north 
ern  and  southern  hcmisy>)ieres,  the  diuiinishiiiir  forc<M)f  tiie  tra(h'-\vinds 
as  we  ;!pi»roach  lin^  eqfiMtor.  the  rise  of  th«'  eohler  strata  of  water  to 
shallower  <lei»ths  in  the  e(|uatorial  than  in  the  temperate  re^!<Mi^,  are 
phenomena  whicli  tlic  action  of  the  trade-winds  alone  (hies  noi  m  cm  to 
explain.  Wliy  may  not  oceanic  circulation,  like  the  movemeuts  ot"  our 
atmospiicrt',  he  dependent  upon  cosmic  phejnnnena,  practically  inde- 
pendent of  any  secondary  causes,  and  moditietl  by  them  within  very 
narrow  limits ? 

The  flitiereuce  in  salinity  of  certain  oceanicdistricts  is  in  itself  insuffi- 
cient to  explain  oceanic  circulation ;  so  that  while  the  seeomlary  causes 
referred  to  alM)vt^  arc  umlouhtedly  a<!tive  as  producing  more  or  less  ex- 
tensive local  circulation,  we  seem  justitled  in  looking  upon  the  ditter- 
encesof  temperature  of  the  zones  of  the  ocean  as  the  jtrincipal  cause  of 
the  general  oceanic  circulation.  We  may  slate,  in  the  main,  that  the 
density  of  the  ocean  water  is  least  at  the  ecpiator,  uiadualiy  rises 
toward  the;  poles,  and  attains  its  nmxinuun  at  (JO  of  latitude.  For 
the  sake  of  convenience  we  may  call  the  density  of  the  ocean  as  one  at 
ailepth  of  ."iUU  fathoms,  and  considjT  the  strata  of  water  above  and  be- 
low as  having  a  less  and  a  greater  density,*  within  very  narrow  limitsj 
thus  the  watery  envelope  is  not  in  a  state  of  equilibrium. 

The  most  important  disturbing  factors  of  a  uniform  distribution  of 
m-eanic  temperature  are  the  continental  mas.^es  which  lie  in  the  path 
of  the  efpnitorial  currents.  A  eiuapadson  of  the  ]M)sition  of  the 
oceanic  isotherms  of  the  North  and  vSouth  Atlantic  shows  a  striking 
conti*ast  in  their  course  north  and  south  of  the  ecpiator.  A  similar 
comparis<m  between  the  Atlantic  and  Pacific  brings  out  plainly  the 
oontraAt  in  the  course  of  the  isotherms  of  two  oceans,  in  which  the 
disturbing  effect  is 'due  in  the  one  to  continental  masses  and  in  the 
other  to  large  groups  of  oceanic  islands. 

'Orean  water,  at  depths  exi  *  i  irniL:  t,(HHl  fathoms,  has  a  ((MiiiMTaturc  of  nearly  :r»- 
F.,  tlio  t«'ii)p<  v;>i  nrf  of  ^rcrtl)  -.t  <!.  usity.  Slumld  flu*  \vat«'i-  litM-ftim-  either  colder  or 
warmeTi  it  mvifet  expand;  this  it  cau  uot  do,  on  nccouut  at'tli«i>res«ure. 
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Perhaps  the  best  example  of  the  unstable  ci|iiiiibriuiii  existing  1>e' 
tween  adjoiuing  oceanic  areas  is  fiimislied  by  the  lieaping  np  ot*  the 
waters  driven  by  the  tradewinds  into  the  (iulf  of  Mexico  from  the 
Caribbean.  The  amount  of  tliis  acfunuihition  bas  actually  been  meas- 
ured by  officers  of  the  Ilnited  States  Coast  Survey,  ft  nives  an  addi- 
tional force  at  work  to  keep  up  the  eflieiency  of  tlie  (iulf  Stream.  Tlie 
Gulf  of  Mexieo  is  consideied  by  Mr.  Ililirard  as  an  immense  hydro- 
static reservoir,  rising  t^*  the  height  ot  more  than  .'i  feet*  above  tlie 
general  oceanic  level,  and  from  tliis  supply  <'ojncs  the  (Inlf  Streiini, 
which  passes  out  througli  the  Straits  of  iieiuini,  the  only  opening  lett 
for  its  exit. 

Arago,  Lenz,  and  Leonuid<>  da  Vinei  betbn*  them,  maintained  that, 
since  tlie  water  of  the  ecjuator  was  li  eatly  heated  and  lighter  and 
attaine(i  ;>  higher  level,  there  was  a  of  the  surface  w a ter?«  towards 
the  pnh'N.  a  eoTiipensatiou  being  estaldislii-d  by  the  tiow  of  hjMcr  strat;i 
fnmi  the  poles  to  the  e(|nator.  Tli<'  i)riiieij>al  features  of  this  tlieiriiie 
theory  have  nf  late  louiid  their  iintsi  rHicient  ( xpnuent  in  Dr.  (■arjx'n 
ter.  The  results  of  ids  experiments  to  |irove  tins  ilieorv  uitoii  a  small 
seale  sfcined  io  >liow  that  the  cooling  of  the  waters  at  the  pole  and 
their  rajyid  tall  w<m'(^  a  more  etiieient  foree  than  the  heating  of  the 
water  at  the  «'quator.  I"( m  il  has  caHetl  attention  to  the  pheiiuaiL'ia>n 
that  cold  w  ater  at  the  bottom  will  be  s\\  ung  uioif  to  the  westward  than 
the  water  at  the  toj),  wliieh  will  lie  turned  in  an  easterly  direet ion.  As 
the  partich's  ot  water  ascend,  ihey  retain  the  veloeity  they  had  in 
deex)er  parts  of  tlie  ocean,  and  thus,  when  reaehing  either  the  surface 
or  lesser  dejitlis  than  their  original  position,  they  hnist  sliow  ihenisdves 
as  producing  a  westerly  eurrent.  This  eurrent,  detieele<l  by  the  c(»n- 
tijiental  masses  as  it  strikes  the  east  eoast,  would  then  be  set  in  motion 
towards  either  the  n<»rth  or  south  jtolc.  At  the  equator,  t  he  water 
whieh  flows  westward  Ironi  tiie eastern  shon  s  ol"  the  l  ontiuiaital  nias.siij» 
can  only  be  replaced  by  the  compensating  waters  tiowing  to  it  from  the 
north  and  south.  I'his  circulation  fairly  agrees  with  the  phenomena 
observed  in  the  South  and  North  Atlantie. 

It  is  interesting  to  trace  the  gradual  deveh»|uuent  ot  our  knowknlge 
of  the  Gulf  Stream  and  to  see  how  far  reaching  has  been  the  inlhienee 
of  the  oeoanic  currents  upon  the  explorati<ms  of  maritime  nati<ms,  and 
the  effect  these  have  had  in  their  turn  on  the  discovery  of  America 
and  its  8ettlement.t  Tlie  hardy  Norse  navigators,  nearly  five  hundred 
years  before  Golmnbus,  sailed  along  the  eastern  sliorcs  of  Greenland 
and  America,  and  extended  their  voyage  i)08sibly  as  far  south  as  Nar- 
ragansett  Bay,  foUowing  the  Labrador  current,  whieh  swept  them  along 
onr  eastern  shores.  It  was  well  known  to  naTigators  that  upon  the 

•  Hy  -A  most  c.-irftnl  Mcrii^H  of  Irvi  ls.  run  Iroin  S.mi.]\  llnuk  niirt  the  imuith  oi  thr 
Mi«sj(*8ipi)i  Hivcrlo  St.  ].n\\i<.  it  was  iliMovncd  Miai  Atlnnfic  ihnnu  at  t}u'  lirst 
poiut  is  40  iucht^s  lowt^  tliaii  ilie  (iulf  of  Muxitu  ut  tli«'  inimtli  «tf  tin-  MisHiH»ip|>i. 

tSee  Kobl,  J.  G.,  Ot9chichte  rf«9  Ool/*tromH  und  teiner  ErforscbuHu,  1868, 

Digitized  by  Google 


GtTLP  StREAM. 


197 


western  shores  of  Norway  and  the  northern  e.oast  ol"  <lie:it  I'.ritiiin 
driftwood  ot*  nnknown  timber  and  seeds  of  phnits  foreijrii  to  the  ti  iii- 
perate  zone  were  oeeasionally  strandt'd,  ruming  from  shiire^ii  wheiti 
probably  no  l"]nro]»«'an  had  as  yi^t  set  foot. 

The  Portngnese  iiavi<ratr)rs,  sailiii«:  wcsi.  t  aiiic  beytnid  the  Canaries 
t('  an  o<*ean  eoverrd  with  st'awcM'd  (tlu*  <4ulf-weed  of  the  Sargasso  »Sea), 
through  whij'h  none  dared  to  pusli  tlieir  way,  and  the  i)robl«*m  of  the 
'•Sou  of  Darkness" renmined  unsolNcd  until  th«' tinieof  Colinnbns.  He 
jM»ssibly  w  as  familiar  with  tlie  traditi«»ns  i>i  tlie  voyages  «)f  tlie  Norse- 
men ami  iiudoubtedly  had  am-ss  to  moi  r  or  less  aeeurate  information 
regarding  tlie  ^Krlantie,  aecuuiulated  ]>rr\  ious  to  his  time  in  llic  ar- 
L'hives  of  l*ortngaI  and  8i>aiii  or  eirenlatrd  among  rln*  >ea  folk  of  that 
day,  and  this  infui-mation  included  legen<ls  of  lands  to  the  west.  Co- 
lumbus started  undi'i  th<'fnll  ^x'rsnasion  t!iat  iu*  could  reach  tbe  lands 
from  which  the  remarkai)le  pnnliit'ts  Inoiight  by  the  tuurcuts  had 
ori^inat<  d.  When  he  eame  into  the  region  of  the  northeast  trades 
an<l  tbuml  liim>»  li  -wiftly carried  westward,  not  only  by  the  winds,  but 
also  by  a  curreni  nm^  ing  in  the  direction  of  the  trades,  In^  return 
seemed  very  hazanions,  unless  he  could  sti  ike  upon  that  oppo.^ite  cur- 
rent which  had  Ixu  iu'  the  trees  and  seeds  t«»  the  northern  coasts  of 
Euroi>e.  Obliixed  l)y  the  trades  to  take  a  northerly  course  on  liis  way 
home  fr<»m  ilispaniola  m  14t>,'i,  he  cann'  u])ou  the  region  of  variable  and 
westerly  winds,  with  a  current  sett  in;:  in  the  same  direction.  Colnm- 
bus  was  thus  the  lirst  to  introduce  tin;  circular  sailing  course  which, 
nj)  to  the  present  day,  vessels  sailing  from  the  West  Indies  to  Europe 
are  compeiled  to  take.  They  conu'  bef(»re  the  win<l  with  the  trades, 
make  the  Wiudwaid  Islands,  and.  sailing  northward,  tind  rlieir  way 
through  the  Winrl  ward  or  the  ^iona  Passage,  until  they  reach  the  belt 
of  variable  and  westerly  wuuis,  when  they  st«er  toward  the  European 
shores  again. 

After  reaching  the  Mexic  an  coast,  Columbus,  by  one  of  his  broad 
generalizations,  inaetically  di  <  overed  the  Straits  of  Florida,  arguing 
that  it  must  have  an  outlet  into  Ujc  Atlantic  and  iliat  he  would  thus 
esca])e  the  t4»d ions  voyage  in  tlie  teeth  of  the  northeast  trades,  which 
\\ouhi  lie  his  lot  if  he  attempt*  *1  to  find  his  way  home  by  the  usual 
route  of  the  W'indward  or  the  .Mona  Passage.  In  1519,  an  expedition 
inspire<l  by  Alamiuos  was  dis))atclied  by  Caray,  gON  ernor  of  Jamaica, 
to  follow  the  easterly  current  riuiuinL;  along  the  northern  shores  of 
Cuba.  The  expedition,  however,  did  not  succeed  in  passing  to  the 
eastward  of  Cape  Florida. 

An  accurate  knowledge  of  the  cun  ents  and  winds  enabled  the  free- 
booters of  the  sixteenth  century  to  carry  on  their  depredations  with 
impunity,  and  their  successors,  the  wrei  kers  of  the  Florida  reefs  and 
Bahanuis,  made  use  of  their  intinnite  knowledge  of  the  coasts  and  of 
the  winds  and  currents  to  obtain  commercial  advantages,  not  always 
by  the  most  honest  methods.    With  the  mapping  of  the  reefs  by  the 
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<\)avst  Survey  all  this  lias  disappeaied,  ainl  the  lighting  of  the  great 
hijlhway  of  the  Straits  of  Florida  lias  rediu-ed  to  a  ininimiTTii  tlie  dan- 
gers of  navigation,  thon-ih  the  Tortillas  are  still  a  tUvorite re^^rt, eveo 
in  broad  dayli;;ht,  for  ol<l  shii).s  iiroin'ily  insured. 

The  captain  of  one  of  tlie  ^Spanish  ve^ssi  ls  was  carried  south,  oflT  the 
coast  of  South  America,  by  the  current  which  sweeps  lioiu  Cape  8t. 
Kocjiu-  along:  the  shores  of  I»ra/il,  and  iiivoluutarily  disco\  cred  the  lira- 
zilian  shore  current.  Thoniih  rhese  diti'erent  currents  were  known 
exist  in  tlie  Atlantic,  the  most  crude  n(»ti<ins  of  tbeii*  ori;iin  and  course 
jirevaihid.  f !  ij^.  3.)  Aceordin;jf  to  Ookimbus,  at  the  etiuator  t  he  waters 
of  the  ocean  moved  wrstwai  d  with  the  heavens  above,  rollini^  nver  the 
lixed  earth  as  a  center.  It  was  only  in  the  seventeeiiih  t  euiury  that 
physicists  be.uan  to  suspect  a  connec  tion  between  llie  curre?its  and  the 
rotation  of  the  earth,  a  view  afterwards  maiutaiued  by  Arago  aud  Hum- 
boldt. 

The  tirst  scientilie  basis  for  the  exploration  of  the  Gulf  Stream  was 
undoubtedly  chu'  to  I'ranklin.  At  the  time  he  was  Postmaster-General 
of  the  colonics,  lus  attention  was  called  to  the  fact  that  the  royal  mail 
packets  made  mm  h  longer  passapres  to  and  from  l^nmpi'  than  the  trad- 
injr  vessels  of  Massachusetts  and  Jkiiodt-  Ishnul.  (  hi  lalkin^r  the  mat- 
ter over  with  Caj»t.  Folger,  of  Nautiu  ket,  he  lirsi  learned  the  existence 
of  a  str<mg  easterly  current,  of  which  tlie  New  England  cai)tains  took 
advanta^re  in  going  to  Kuropc,  and  which  they  avoided  by  sailing  a 
nortliei  ly  eouise  on  the  home  voyage.  Folger  also  calle<l  l^'ranklin's 
attention  to  the  fa<*t  tliat  this  <*urreiit  was  a  warm  one.*  lie  and  Dr. 
Blagtlcii  beeoniiui;  interested  in  the  rpiestion,  Franklin  set  out  to  aseer- 
taiu  the  size  of  the  <  urrent  and  its  trniperature.  Soon  after, Franklin 
published  the  tirst  chart  of  tin  ( 1  ulf  Stream  (Fig.  4),  for  the  benefit  ol 
navigators,  from  informaticm  obt,,  Med  Iroiii  Isantucket  wlmlemen,  who 
were  extremely  familiar  with  the  Gulf  Stream,  its  course,  strength,  and 
e.xteut. 

From  the  time  of  J'ranklin  until  the  problem  of  tlu  dulf Stream  was 
again  aitarked,  in  JM.").  by  I'l  anklin's  descendant,  Frt)f.  A.  D.  Bache, 
of  the  United  States  Coast  Survey,  ui.tny  ingenious  theories  were 
published,  but  nothing  wjis  added  t4»  our  knowledge  of  tin-  origin  and 
structure  of  the  Gulf  Stream.  Humboldt,  Arago.  an«l  otiu  i  s  attempt^'d 
to  trace  in  tin*  ( i  nil  Stream  a  secondary  elleetof  the  tradt  -winds,  ami 
of  the  rotation  of  tlip  earth.  Theoftieers  of  arctic  expeditions  sent  to 
Spitzbergcu  diil  nor  i.iil  to  see  llie  etl'ect  of  a  mass  of  warm  water 
passing  northw  ard,  and  \  on  liaer  was  among  the  tirst  to  consider  this 
body  4d*  water  as  an  eastirii  extension  of  the  Gulf  Stream.  Meanwhile 
the  arctic  explorers  of  Balliiis  J5ay  and  western  Greenland  tbund  tlu  iii- 
selves  bullied  in  their  etiVuts  to  reach  high  hititudes  by  the  XKiwerlid 

It  was  notiool  by  boHcarl  ui.  in  li?<rt,  that  far  north  tben^  was  a  iua«>8  of  warm 
wator  mnvitr^  tow.iiil  t!io  eat^i,  aud  that  both  uorth  aud  soath  of  it  the  vrater  of 
tlie  Atluutic  WU4  cooiut. 
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Koutlierly  current,  ♦•arryiiifj  witli  it  fields  of  ice  orhugeic-ebergs,  which 
bad  found  their  way  south  below  tlie  southern  limittt  of  the  Banks  of 


Newfoundland,  and  even  beyond  the  latitude  of  Cape  God  and  Nan- 
tucket Shoals. 
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Tlif  rarlin  wui  k  of  tlie  Coast  Survey  tn  1 1 n  jnv<'st i^atioiis  into  the. 
stnirtiirt'  (if  llir  Gulf  Stream  (18-t."»  to  toiisisied  iii  niakiii«r  sec- 

tions across  tin-  stroani,  from  tli«^  Sljaiis  of  llciiiiui  as  fai'  iiortli  a.s  tlie 
latitude  ol'  Nantmket.  From  (lie  studies  oi  Graven,  Maftitt,  Baebe, 
an<l  T)avi8  were  developed  tlie  so-<  alledcold  and  warmbandn,  believed  at 
that  time  to  be  the  prineii»al  eharaeteristic  ol  the  (Inlf  Stream.  The 
accompaii\ in;:  ma]>  (Fig.  •*»),  published  iu  184)0  by  the  Coast  Survey, 
will  serve  to  illustrate  the  structure  of  the  Gulf  Stream  as  it  was  then 
understood;  namely,  as  a  su<'eessi<>ii  of  belts  eoinpckscd  of  warm  north- 
erly currents  flowing  side  by  side  with  a  eold  southerly  curreiit,  or  of 
a  eold  southerly  current  wiii4'h  had  found  its  way  under  the  warmer 
northerly  l  urrents.  These  alt*  i  natinjjf  belts  had  no  definite  position, 
the  size  of  the  eidder  bands  and  warmer  beltn  being  dependent,  tlie  one 
upon  the  foree  of  the  arctic  current,  the  other  upon  that  of  the  troi)ical 


Fio.  6  CkaUtnger  olMerv»tioii«. 

cmrent,  increased  in  breadth  and  voliune  beyond  the  Bahamas  by  the 
whole  of  the  warm  belt  of  surface  equatorial  water,  which  is  deflected 
northward  by  the  Windward  Islands,  instead  of  forcing  its  way  tfarongh 
the  passage  between  the  Windward  Islands,  the  Mona  and  Windward 
passages,  and  the  Old  Bahama  Passage,* 

*GreaiM  i»  undonbtwlly  theoffbct  of  the  Gulf  Stream  proper  (Pig.  6)  in  ineitoae- 
ins  the  temperatuie  of  the  water  in  uorthem  latitudes  aubject  to  ii»  infliioiuo,  wo 
must  uot  fiiff^et  to  add  tn  it  that  of  the  greater  uiass  of  heated  water  \vhi<'h  is  forced 
nortli,  and  tinds  its  way  to  the  iiortliornindst  whores  of  Silvt«ri;i,  losintr  in  its  pa^saj^e 
the  heat  it  has  accnniulared  wiiliin  tlie  troyivs.  fc>o  that,  while  we  ran  nut  say  that 
the  Golf  Stream  has  disuppearud,  and  haa  been  replaced  off  tho  Banks  of  Nevfound- 
land  by  the  equatorial  drift,  neither  can  we  attribute  to  the  Atlantic  drift  alone  the 
masMeH  of  wat  ni  water  found  iu  the  baaio  of  tbe  northern  part  of  the  North  Atlantic. 
(See Figs,  lands.) 
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Cominamler  liartlHt  roiiiul  no  wai  ui  or  <*()1<1  bands,  distiiirt  cold 
wall,  and  no  bifurcation^  in  tlu*  snifai-n  wattM.s till  hcraiueolV  Ilattiias. 
Nciir  tli«»  shore  tli»'  current  was  pfrciitly  iniliu  iu «'d  by  uinds.  Tlie 
work  of  tlie  /^/ffAv  seems  to  sliow  that  ilic  «  iil<l  hands,  .soi'allrd,  w  hich 
tif^ure  so  largely  in  all  early  dcsn  ipi  iojis  df  ilic  Gulf  Strt  ain.  lia\  e  no 
re<fularity,  and  only  rc])r<'S('nt  at  an\  uivrn  monient  the  nn(  »'a>ini:  t  <»ii- 
tliet  going  on  between  Inyer^  ol' water  of  ililb  rent  vel«»(  ii ics  and  ol  dil 
ferent  temperatures.  Such  a  ronliici  is  i^crllaJ^^^  tlic  \v<  li  kii(»un  rip 
we  encountered  off' ( 'harloton,  wliicli  may  be  cuused  b.\  a  ^truu'^jrle  be- 
tween portions  of  llic  Labrador  ttirrrnt  pussingnnder  the  (lull  Sricanu 
As  the  isotherms  rise  anil  fall  with  the  irregularities  of  the  bottom, 
wluie  water  aeeunuilates  or  ])ile8  against  ridges,  liot  and  cold  bands 
may  be  tiowing  one  above  the  (Jther.  We  need  however  more  pro- 
longed observations  to  show  how  far  below  the  surface  these  bands 
extend.  Commander  liartlett,  from  the  last  Toast  Survey  invest iga 
tious  under  his  direction,  is  inclined  Ut  consider  the  vaA(\  bands  of  the 
Gulf  Stream  as  ipiite  superficial.* 

A  cold  current  striking  against  a  wanner  stream  tlint  ia  flowing  iu 
the  opposite  direittioii  may  split  it  into  more  or  less  marked  hot  and 
cold  bands.  Bands  similar  to  those  of  the  Qulf  Stream  were  observed 
by  the  Challeiu/cr  in  the  Agitlhas  current  off  the  Cape  of  Good  Ho\h:, 
and  off  Japan  iu  the  Kuro  Si  wo. 

It  is  of  course  difficult  to  ascertain  the  part  taken  by  the  trade-winds 
in  originating  the  oceanic  circulation  of  the  Atlantic.  That  winds 
blowing  steadily  from  one  quarter  give  rise  to  powei*fiil  currents  Is 
^  well  known,  and  it  is  not  difficult  to  imagine  the  prominent  part  the 
trades  must  play  in  setting  iu  motion,  in  a  southwesterly  and  a  north- 
westerly direction,  the  mass  of  water  over  which  they  sweep  so  persist- 
ently  on  each  side  of  the  equator. 

The  change  of  currents  in  the  ludiau  Gceau  due  to  the  shifting  of 
the  monsoons  is  well  known.  How  fur  below  the  surface  this  action  of 
the  winds  reaches,  is  another  question.!  Theoretically  it  has  been  f*al- 
culated  by  Zot^ppritz  that  one  hundred  thousand  years  is  amide  time  to 
allow  the  friction  of  the  ])articles  to  extend  irom  the  surface  to  the  Imt- 

*Iii  Knilin^  from  Halifax  to  the  Bermudas,  Sir  Wyville  Thomson ^«]>eaks  of  ]uiaiiiig 
aln-rnate  l»elts  of  vnld  ami  warm  w:itt-r.  Karlv  in  th«'  Tiiortiinir  of  the  '2'2d  of  May. 
th«^  surface  water  wau*  of  a  InaiK  raturc  of  17  ('.;  at  nii«ini;;iil  it  liail  fall.  n  to  V2 
C,  to  riHe  agaiu  half  an  hour  later  to  ovt-r  15  V.  Thub,  from  xhv  time  the  (  halUa- 
gtr  left  Halifax  with  a  Riirfaco  temperature  of  4^  C,  gra<liially  riHiug  to  10^  C.  antil 
alie  eii(ouitt('ie<l  the  sinain  proper,  marked  by  a  rapid  rise  of  temperatare,  ahe 
passed  throti^'li  altomate  belts  of  warm  aod  cooler  aurface  waters  varying  lietweea 
IK  C.  nnd  23  C. 

t  The  movement  ari»iug  from  the  action  <»l  the  «  inds  on  tlte  snrlaee  is  irausuuited 
by  firietion  from  one  layer  to  another  and  roiumuuieuteN  the  velocity  o.f  the  upper 
particles  t(»  the  underlyinf?  layers  in  saceusMion.  If  this  is  coutinuod  long  enongh, 
the  velocity  of  the  lowest  layers  wiUeqnal  within  afraotiou  that  of  the  upper  layer. 
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toin.  say  to  ii,tiO()  tat hoiiis,  woic  IIk;  winds  to  1)1o\v  without  iiitermissiou 
111  11  (lii cctioii  diu'iug  thiit  tiiut^,  with  Iht;  uvcraj^e  i>ower  they  ai'e 
k iHiwii  t<»  possess.* 

We  luay  iina«rii»e  the  whole  ot  the  mass  of  tlie  Athiiitit-  within  the 
belt  of  the  trade  wiihls  to  bp  moviijo  in  ^  westerly  diieetioii  and  iiii- 
piiijl^injC  upon  tlie  eoiitinental  .Niupe  ol  Sniitii  Aineriea,f  and  upon 
the  Windward  Islands,  at  which  point  it  is  deflected  either  in  a  south- 
erly or  northerly  direction  or  fortes  its  wav  into  the  Caribbean.  In 
our  present  state  ol"  knowied-e  it  is  dithenlt  to  trace  the  path  of  the 
e<]uatorial  water  as  it  is  lortuMl  into  the  eastern  raribbean.  Com- 
mander liartlett  supi)oses  that  it  is  wai  nu d  in  the  Caribbean  bycireu- 
latin^r  round  the  whole  bikiin.  The  water  which  is  swept  into  the 
Carildiean  by  the  tra(h' winds  throu^^Ii  tliei)assa*>:es  between  the  Wind- 
ward Islands  and,  being  then  driveu  into  the  Old  Bahama  Channel 
funnel,  flows  throujih  the  Windward  Passajre,  represents  a  far  greater 
mass  than  that  whhli  can  lind  its  way  iulo  the  (inll  of  Mexico  through 
the  Straits  of  Yucatan  or  that  of  the  stream  tiowni-  north  thn)ni:h  the 
Straits  of  l^emini.  This  is  the  actual  (lulf  Stream,  a  body  ol  super- 
heated water  fillin^j:  the  \\  liole  straits;  it  has  mti  ayerai^e  depth  of  about 
.'i  >()  laiiioms  and  a  velocity  exteudiug  to  the  bottom  ot  at  least  miles 
an  hour.f 

The  section  of  the  Yucatan  Channel  is  too  suuill  to  allovy  for  an  out- 
flow equal  to  the  intlow  into  the  Caribbean, §  so  that,  after  the  trades 
luive  erased  to  force  the  e<}uatorial  water  into  the  Caribbean  basm.^,  it 
must  remain  there  a  ecm^iderable  lenijth  of  time  befoi  e  it  passes  irdo 
the  (iulf  of  Mexic(>,  where,  owing  to  similar  difl'ereuces  between  the 
rate  of  inflow  iiud  outtiow,  the  water  must  still  betome  more  super- 
heated. 

We  must  therefore  consider  the  Gulf  Stream  proper,  as  it  ( iner-^es 
from  the  Straits  of  iicmini,  as  an  iminenst'  body  of  super  heated  water 

*  It  is  tbereforo  ]><NSsibl«  tlMt  cnrrentH  wliich  owe  tht-ir  rxistence  to  causes  that 

have  bfeu  motliticd  to  u  t-ertnlD  rxtt  nf  sliouUl  still  exist  iu  ihv  oi-ean  long  after  tlio 
coTHUtif»!if?  priulnciii'^  thoni  (acliiiu;  iVoiii  the  surfa«'e)  have  «M'a!*4>d  to  he  ctr«!ctiv<>  by 
any  bi'iak  of  continuity  due  to  the  interposition  of  i^ilamlH  or  f*f  baukH  iu  the  track 
of  ocMilie  corrents. 

t  Did  the  Gulf  Stroain  not  meet  oontinentol  masses,  it  would  simply  ex|iaud  north 

and  Hoittli,  losing  its  initial  velocity,  and  gru^lually  cool  dowil  towards  the  poliui, 
tlie  e<dd  penetrating  all  the  tleeper  p(»rf  ions  <>f  tbe  (mmmk.  just  as  we  And  it  reaching 
the  higher  Hinnmits  that  rise  above  the  lim^  of  perpetual  Himw. 

tCurrent  observatiiins  taken  by  MiteUell  ort"  tbe  coast  of  t'nba,  in  the  deej»  part 
of  the  Galf  Stream,  show  that  it  has  a  nearly  uitiforui  and  const-ant  velocity  for  a 
•  dApth  of  600  fathoms,  although  the  temperature  varies  40"  F. 

^  A  part  of  this  wat^n*  emorgeH  again  at  a  higher  teinjieratiU'i-  l>et ween  Guado* 
loupe  and  Haiti  ami  Joins  that  portion  of  the  erjuatoii:il  (  ui  icul  'vhicli  liiuls  ifs  way 
into  the  Windwanl  l';is««age.  This  incronst-d  tenj|M  rahu'- \\v  i\uv  to  its  jiasH- 
iug  over  shoals  and  bankH  at  the  uortbeastcru  cud  of  the  caHtern  ba'^in  (U  the 
Garibheaii. 
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retainiii;<:  :)n  initial  velocity  whicli  (n  i^^niiai ed  in  lower  latitudes^  ibeo 
losing  both  its  velo<itN  and  its  In  a  I  (Mi  its  way  north.* 

The  Straits  of  Florida  have  a  wiiUh of  ab»mt  4S  miles  between  Jupi- 
ter Inlet  aiui  Ai<Mii(»i>  Koi  k;  the  . greatest  dcpt h  is  430  fat lionis,  atid  tlie 
ri(»ss-s(M'ti<ni  i;J(),(»O0,00(>  s<iuarefeet.  At  tiiuM-  knots,  tin- delivery  \umld 
be,  as  <  al(  uhited  by  CommaiHler  Harriett  about  436,000,000,0OO,(khi 
tons  a  day,  an  amount  of  warm  water  far  less  thsm  we  lind  over  tlic 
North  Atlautie,  which,  as  has  been  shown,  is  dcriv  «m1  irom  the  western 
set  of  the  equatorial  current,  Joining  the  Gult  iStreani  in  its  way  towards 
European  shores.*    fSee  Figs.  l-O.) 

Coinmandei'  lianlett  thus  describes  the  general  t  ourse  of  the  Oulf 
Stream : 

"The  Gulf  Stream  has  for  its  western  bank  the  lOO-fathoni  curve  as 
far  as  Oape  Hatteras.  It  has  a  depth  t)f  400  fathoms  as  tar  as  (Charles- 
ton, where  it  is  reduei  il  to  3t)<>  tathoms;  but  the  Arcti<*  eurjent  h;is  for 
its  western  bank  the  1,000- fathom  <'urve,  which  is  quite  close  to  shoal 
water  from  the  George's  Bank  to  Hatteras. 

'*  The  average  surface  temi)erature  in  the  axis  of  the  stream  rarely 
exceeded  83*^  F.  in  June  and  JiUy.  Oii  one  or  two  occasious  the  ther- 
njouieter  read  as  high  as  80^^  aud  ouce  89^;  but  it  was  at  high  noon  in 
a  dead  calm.  The  temperature  at  5  fathoms  did  not  range  above  the 
average  of  81^°. 

The  increase  of  temperature  of  the  8iirfiM«  was  Ibund  at}  we.  entered 
theennent.  >  •  - 

The  surfaee  temperatures  did  not  indicate  a  cold  wall  inside  of  the 
stream  and  the  water  inside  of  the  100-fathom  line  to  the  shore  seemed 
to  be  an  overflow  of  the  stream,  as  the  temperatnies  to  5, 10,  and  15 
fathoms  were  nearly  as  high  as  those  found  in  the  stream. 

^<  The  temperatures  at  the  bottom  in  the  stream,  at  corresponding 
depths,  were  the  same  as  those  found  in  the  Windward  Passagt*,  and 

*  Betvveeu  Hahfax  aad  th<'  iiiTiniiduti,  the  Hectiou  of  Ihu  Gulf  Strcuiu  ubserved 
by  the  ChalUnger  tras  couled  1^  C.^  as  compared  with  that  of  tiie  Bermodas  to 
New  York.  The  Oulf  Stream  retainii  its  heat  aa  a  surface  carrent  as  long  aa  the 

tempcraturo  is  8uflkiently  high  to  iiiakr  it  li^hh  r  than  tho  Kurrotrndin}^  water. 
Itw  iirrentrr  stiliiiity  f-nu^cs  it  to  nitik  lielow  tlu*  foiiiparativt'ly  fVesher  water  of 
norllu  ru  lutitmlea.  Siimlarly,  the  ^Vrctie  ciu  reiit,  \\  heu  it  n-aehes  a  cortam  latiiude 
aloug  our  eastern  cmuit,  eioks  from  itn  gruuttr  spccitic  gravity  bcluw  the  warmer 
Biirfaee  cnrreitta  and  coutinues  ita  way  eotith  ae  an  iiudercurr«>tit  of  cold  water. 

t  It  iiii<;ht,  perLu]>s.  lu-  advisablu  to  distinguish  between  tbu  eastern  extension  of 
tht  (^tilf  Streiiui,  Combined  with  the  Athmtie  drift,  and  the  <.'nll"  Stroruii  projier.  nu- 
dris(.iiiiliM;r  by  the  latter  the  writer  whieb  pas.ses  throii^^Ii  tbe  l'lt>ri<la  Sfiairs. 
i  his  has  bevu  ealled  by  rclermauu  the  i'ioridaSsireuut;  aud  tin  nain<-  of  dult  pirrcani 
haa  been  api^lied  to  the  va^t  body  of  warm  water  winch  super-heats  the  basin  of 
the  Eaatem  Atlantic  tu  the  eastward  of  45^  west  limgiciide.  There  seems  to  be  no 
VeaHOii  for  ebanging  tlie  nanie  of  tlu  <  Julf  Stream  because  so  many  other  lil»ertie» 
have  Vkm  11  taken  witli  it.  We  s1m»u1(1  i.  tain  tbe  original  name,  limiting  it  to  the 
Florida  Stream  eoining  Irom  th*?  (iiiil  ot  Mfxicn  and  apjilying  to  its  enstern  exten-^ion. 
in  couueetiou  with  the  Atluutic  cu^teriy  diitl.  some  ucw  uame,  Huch  a«  K(|Uutoriui 
Drifl  or  the  Caribbean  Stream. 
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in  the  course  of  tlie  cniTcnt  to  the  Yucatan  Passage.  The  average 
bottom  temperature  at  404)  fathoms  was  45^,  aud,  as  otf  Charleston,*  iu 
300  t'athoms,  53°.  Tlie  temperature  at  300  fathoms,  oft'  the  George's 
Bank,  was  tound  iu  July  to  be  40^;  and  this  last  was  the  temperature 
that  we  found  at  the  same  depth  just  north  of  Matteras  and  the  Gulf 
Stream. 

1  have  stated  that  the  surface  temperatures  did  not  show  a  cold 
wall  inside  the  stream;  bnt  the  l)ott<mi  temperatures  give  a  narrow 
c<dd  si  ctiou  dose  to  tlie  KHi-fathom  curve  all  ah)ng  the  course  of  the 
stream  trom  Flatteras  to  Florida.  Soon  after  leaviii'r  the  Strnits  of 
Florida  tlieic  is  a  division  of  the  strcniii  shown  by  tlie  bottom  temper- 
atures, part  tbllowiug  the  coast  and  the  reuiaiuder  branching  ofi'  to  the 
eivstward.  -  -  ■ 

*'We  foniul  that  .">  knots  was  a  general  average  to  allow  for  the  whole 
stream.  This  would  give  a  greater  velocity  at  some  centi  al  point.  Be- 
tween the  Bahamas  and  Florida  the  averajsre  was  e\a»  tly  3  miles  per 
hour;  but  for  a  distance  of  15  miles  in  the  axis  ijt  the  stream  it  was  as 
hifxh  as  5.4  miles  per  hour.  To  th«'  northward  of  the  Bahama  banks, 
and  t<»  the  eastward  of  the  stre;nii,  there  was  a  slight  <'urrent  setting 
southeast.  We  found  the  direct  n  n  <>f  the  current  in  the  stream  very 
niucli  affected  by  the  wind,  soiuelxmes  iucliuing  it  to  the  east^  then  to 
the  west,t 

'*Tn  the  latter  part  of  .June,  issl,  we  were  hove  to,  some  ry()  miles  east 
of  the  Vidlf  Stn'am,  otV  Charleston,  where  we  experienced  :i  i  urient  of  3 
uiileis  per  hour,  setting;-  southeast;  wiud  blowing  a  gale  from  southwest.} 

*'The  sudden  rise  of  the  plateau  oft  Charleston,  t<^gether,  probably, 
with  the  meeting  of  the  arctic  and  wai'ui  currents,  creates  aremarkable 
disturbance  at  this  poiut.   •    -  • 


'About  SO  milee  Crom  Charlestou  a  line  woh  rnn  parallel  to  the  ooaBt,  along  the 
ie  of  the  Gulf  Stream. 
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tTii>-hoTc  ot"  fh<  flnlf  Stifam.  thon<;h  a  soiitbiTly  current  wa«  Mistinrtly  frru  tMl  In- 
side tli©  lOU-failiuHi  line,  yot  thf  toniyi«^r!itnri!  of  tho  wutor  (owmkIs  tin-  slion^  wan 
but  little  cooler  than  iliut  o(  tlu!  Hlreani  itbolf;  tlic  siuue  in  Umtui  to  be  the  civsc  if 
we  examine  the  temperature  eeetioiw  of  the  eaatcm  e<1ge  of  tiie  livlf  Stream.  The 
etream  iteelf  seems  to  be  maiuly  eharaeteiized  by  itn  velocity  and  by  its  color. 

iOn  the  southern  sidr  of  tlio  Gulf  Stream  (  oniniander  Bartlott  observed  immense 
(]uantitio8  of  c'llf-wi  i-.l ;  this  is  also  Ivlowji  into  Varragansett  Bay  **>  cousiderahie 
^uautities,  covered  witb  clustci-u  ot  Uuatiiig  bamauluH, 
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"We  crossed  tlie  strortTn  six  times  in  this  loesility.  nndcr  couditioris 
of  weather  from  a  calrii  to  a  strong  In  ce/e.  and  always  crossed,  near  the 
center  of  the  stream.  Itaiids  of  ripidinj^  water  several  milen  iu  width. 
It  is  very  like  the  rip  at  the  entrance  to  Loiiji  Island  Sound/' 

Tlie  Gnlf  stream  flows  at  the  rate  of  about  one  tonrth  of  a  nule  an 
hourth.roiiL'h  tlie  Yucatan  Channel,  which  is  90  miles  wide  and  over  1,(KM> 
fathoms  deep.  Throu;;li  the  Straits  of  Bernini  it  has  a  velocity  of  from 
4  to  ii  knots,  a  width  of  o<>  miles,  and  an  averajre  depth  of  350 fathoms. 
This  velocity  rapidly  d«'crcases  as  wo  go  north.  Off  St,  Aiigusiine 
it  is  rarely  more  than  4  iuile.>.;  from  there  to  New  York  it  decreases 
to  2i  miles  per  lionr;  off  the  banks  of  Newfoundland  it  is  reduced  to 
lAor  1  miles;  and  at  a  distance  of  .{(Ml  miles  to  the  eastward  the  velocity 
of  tlie  (iulf  Stream,  which  has  constantly  been  spreading  out  fau- 
shaped,  is  scarcely  p<M  ce}>tible. 

As  far  as  the  current  observations  of  the  Jilakc  may  be  trusted,  they 
indicate  a  great^-r  s]>eed  in  the  axis  of  tlie  (inU  Stream  than  along  its 
edijes — a  velocity  varyinjf  between  2  miles  an  hour,  or  even  les^«,  and 
fully  5  miles.  The  width  of  the  stream  oil  the  ea«t  coast  south  of  Hat- 
teras  \  arics  fi<>m  oO  to  nearly  100  miles. 

The  observations  of  the  Jildke  show  that  the  bottom  of  the  Gulf 
stream  along  the  Blake  IMateau  is  swept  clean  ol  slime  and  ooze,  and 
is  neai'ly  barren  of  auimui  Ule, 
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ilardiiess,  aside  from  iU  practical  importance,  ia  one  of  the  most 
remarkable  proiuM  tiCs  of  solid  matter.   This  is  shown  at  ouce  by  the 
diflBculties  whicli  iiave  been  encountered  in  tlie  endeavor  to  nrrive  at 
an  accurate  interi>retarnin  ot'it.  Indeed,  llie  ath-rnpts  to  solve  questions 
relatin  ^  to  hardness  are  of  very  great  variety,  and  are  exceptionally  large 
in  number,  ami  tliey  have  in  a  measure  led  to  sonu'  interesting  results; 
but  the  subjeet  in  its  broader  bearinp^s  has  nut  y«'t  been  attacked  with 
sncress,  nor  lias  a  rit^mous  definition  of  hardness  been  established. 
Problems  which  present  themselves  in  dealing  with  any  of  tin'  idiysieal 
projKM  ties  f»i"  a  b<nly  may  usually  be  divided  into  three  sub-problems: 
The  tirsi  airioiig  these  inclntles  the  scientilieally  exact  description  of  tlie 
conception  in  question,  so  that  the  property  ina>-  henecfoi  th  l>e  treated 
aii  a  purely  mathematical  varijible.    Then  tliis  liuantity  is  to  be  meas- 
ured, and  methods  and  apparatus  must  be  devised  for  that  puri)(ise. 
Finally,  the  measurements  are  themselves  to  be  generah'zed  by  being 
extended  to  as  many  biKlies  under  as  many  diflerent  circumstances  as 
possible.   At  the,  outset.  Imu  ever,  it  is  by  no  means  necessary  that  the 
l)ro<  eduro  adopted  should  be  so  simple  as  to  l)e  of  immediate  practical 
utility.   As  a  rule  this  will  only  be  attained  at  a  much  later  stage  of 
the  research.   The  chiet  aim  at  the  beginning  is  to  work  tbrward  from 
some  theoretically  perfect  bavsis,  and  to  so  lasiuou  the  methods  that  the 
end  in  view  may  be  reachetl  with  a  reasonable  degiee  of  accuracy  as 
well  as  (»ertainty.   To  within  a  few  years  none  of  the  three  sub-problems 
which  I  hav«^  mentioned  can  be  saiil  to  have  been  solved.    To  Hertz 
belongs  the  cretlit  of  being  tiie  liist  to  juisli  the  (juestion  to  an  issue. 
His  ingenious  reasoning  is  partieularl\  fortunate,  inasmuch  as  it  har- 
monizes the  general  conception  of  haidiiess  and  the  earlier  de(initi(Uis 
which  were  given  of  it  iu  all  essential  ami  necessary  ])oints  and  to  the 
exclusion  of  errors  of  prin<*iple  and  vagueness.    Taking  Hertz's  con- 
dnsions  as  a  point  of  departure,  I  believe  I  have  solved  the  second  of 
the  sub-problems,  and  in  the  present  paper  submit  a  method,  which  (with 

'  From  tbe  AnntlUn  dtr  Fkjfrik  un4  Chemic,  April,  1881;  (new  aeries)  vol.  zuu,  pp* 
61-100. 
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the  exception  of  a  «iuj(lo  p(>int  as  yet  in  need  of  further  eliicitlatioQ), 
seems  to  lead  to  satisf'u-tory  results,  both  from  a  theoretical  and  a 
practical  i>oliit  of  view.  My  paper  is  therefore  divided  into  the  follow- 
ing parta: 

^  1.  A  review  of  the  earlit^r  work. 

vS  2,  Tlio  theory,  in  no  fur  W  H  entera  into  my  work. 

vS      TUi}  iiu'thuil  ill  ;r«Mu<riil. 

^  l.  T1h«  (lescriptutii  nfthc  appiirnliiH. 

^  5.  Cii'tnTiii  rfiiiarks  on  tUo  ob8«  rvutions. 

$  6.  The  conetanta  «ml  the  sources  of  error. 

f  7.  Theexpertiiwntal  vurificntion  of  thn  method. 

$  8.  The  lueaanrement  of  the  elnsticity  and  the  h»rdnen  of  certain  irab- 
atancee. 

With  reference  to  the  last  I  will  Htateat  onee  that  the  data  are  ^ven 
solely  with  the  object  of  evidencing  the  utility  and  accuracy  of  the 
method.  They  tdiow  to  what  dep^rce  the  sewHid  sub -problem  has  been 
solved.  Systematic  work  relative  to  the  third  snb-problem,  as  well  as 
many  investigations  which  the  present  paper  suggests  or  implies,  1  have 
reserved  for  future  commnnications. 

L  A  BEVIBW  OF  THK  EARLIER  WORK. 

Kelaiive  to  the  definition  and  the  njeasurement  of  any  physical 
quantity  like  hardness,  the  observer  may  jiroceed  from  thre<^  points 
in  view,  lie  may  only  wish  to  find  out  whether  the  hardness  of  any 
given  body  is  greater  or  less  than  the  hardness  of  another  given 
body;  and  he  may  therefore  be  satisfied  with  a  tyjnciil  series,  any  mem- 
ber of  which  is  conventionally  harder  than  the  pTe«^iug  and  softer 
than  the  succeedlug  body.  The  eleinent^^  of  snch  a  series  may  even  be 
numbered;  but  the  numbers  are  obviously  not  significant  qnantiriet*. 
Furthermore,  if  even  these  members  are  reliable  it  is  <'learly  t«)  be 
shown  (1)  whether  if  ^  be  harder  than  Ain  always  necessarily  less 
hard  than  I>\  {'2)  if  when  €  is  harder  than  B  and  H  harder  than  A,  C 
is  always  harder  than  A .  In  the  case  of  many  idiy  sical  i)roi)erties  these 
conditions  do  not  hold,  or  do  not  hold  at  least  for  all  substances;  and 
it  is,  therefore,  not  generally  possible  to  chissiiy  bodies  in  a  scale  of  the 
kind  in  question.  Only  aft(*r  these  fundamental  conditions  have  been 
fixed  in  principle,  is  it  permissible  to  make  the  second  step,  namely,  to 
replace  the  more  or  less  arbitrary  members  in  the  scale  of  hardness,  by 
data  which  actnaUy  measure  the  property,  and  which  therefore,  for  any 
two  bodies,  will  express  the  hardness  ratu>.  The  scale  so  obtained  is 
relative,  and  the  term  of  comparison  conventionally  chosen.  Thus,  for 
instance,  the  hardness  in  a  given  definitebody  may  be  tiikenas  the  unit. 
But  here  again  it  is  necessary  to  rcllect  that  the  data  may  di filer  not  only 
as  to  their  actual  value,  but  in  their  relathms,  depending  as  they  mnst 
on  the  experimental  method  by  which  they  were  obtained.  Only  tue 
final  or  absolute  method  is,  therefor^',  always  siitisfaetory,  for  here  the 
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hardness  ofeachsubstatice  isexpresst'd,  irrespective  of  other  substances 
and  without  reference  to  a  normal  body,  in  terms  of  the  fundamental 

units  of  physics. 

The  method  of  rating  hiirdiicss  by  scratching  is  best  known  and 
most  generally  applied.  One  body  is  harder  than  another,  if  a  point 
or  sharp  edge  of  the  former  is  capable  of  scratching  a  plane  over  face 
of  the  hitter.  Of  the  two  c/iiid  it  ions  which  make  an  arbitrary  scale 
possibh^  in  this  case,  the  first  is  approximately  given,  to  the  extent 
only  that  the  dift'erences  of  hardness  to  Ije  rated  are  iu  any  two  bodies 
marked.  If  this  differences  is  small,  it  is  usually  found  that  a  sharp 
edge  of  either  wilt  scratch  a  plane  suriiice  of  the  other.  It  is  cnsto- 
mary  to  refer  this  discropanoy  to  the  sensitiveness  of  the  method. 
The  two  bodies  are  flatly  pronoanced  equally  hard,  and  since  the  sec- 
ond of  thv  conditions  above  jifiven  is  jilso  borne  out  by  all  the  cases 
liitherto  testc<l,  a  rough  scale  of  hardness  is  thus  feasible.  The  Hrst 
investijrator  who  made  use  of  such  a  scale,  Hauy,  confined  his  work 
to  four  steps.  They  were  limited  by  calcite,  glass,  and  (luartz.  Mohs 
increased  the  number  of  steps  to  ten,  and  although  later  mineralogists^ 
l>elieving  some  of  the  steps  disproportionately  large,  have  inserted 
intermediate  de^rrccs.  the  \Mohs  sc^le  has  in  <renerul  been  retaiTied  to  the 
present  day.  Indeed  the  justiee  of  this  is  apparent,  for  in  view  of 
the  absence  of  any  means  of  even  approximately  deHuiii^^  tlie  lelative 
values  of  tilt'  snecessivf  decrees,  all  alteni])ts  to  redu<-e  t hem  in  size 
would,  in  the  long  run,  rather  be  productive  of  error  than  of  increased 
accuracy. 

The  first  attempt  al  measurement  w  as  made  by  Fratikeiiheim,*  who 
estimated  the  hand  pressure  under  which  a  given  liaid  point  or  stylus 
leaves  a  scratcli  on  the  surface  to  be  t4»sted.  Rut  instruments  by  vvhieh 
this  pressure  or  the  de]>th  of  penetration  of  the  stylus  is  actually  rei;is- 
tcred  were  not  invented  till  inneh  later.  They  are  due,  respectively,  to 
Seebcck,!  Franz,!  (iraUi'  li.and  l'i'karek.§  h\  Exner,||  Pfaft',^  Turner,** 
and  others,  and  have  bern  called  ''sklerometers.''  The  results  obtained 
by  these  forms  of  apparatus,  as  Kxner  himself  admits,  are  not  of  the 
nature  of  measnrenuMil.s,  tor  all  true  measurements  of  an  unknown 
cpiantity  determine  the  latter  by  in<'losing  it  ]H»tweeu  well-delined 
limits,  and  it  is  by  the  distance  apart  of  these  limits  that  the  accuracy 
of  the  m«»thod  is  conditioned.  Sklerometers  howi  ver  are  capable  of 
iurnishiug  only  an  upper  limit.   The  lower  limit  is  left  to  conjecture. 

'Frjiuk»Miln'im :  Ffe  rokoHione,  etc.,  Inanj^.  Di8A.|  Bre6]nii,1829. 

tS.-.  li.  rk  :  /'n,<fr.  Ciiln.  Real-Uynui..  IR*^". 

tKrait/ :  Oe  lapidarum  ditnlat«   luuug.  Disa.,  Buuu,  lb.^U ;  i'ogg.  Auu.,  vul.  ijcxx, 
1850,  y.  37. 

^  Gfttilich  11.  FiakihTek :  Wim,  Btr,,  vol.  Xlti,  1^,  p.  410. 

11  r.  Exner:  Cnters  Uber  4.  Hdrte  an  KrtfnUtVnUeUeu,  VVieu,  1873. 
H  VUiW:  Miiiuh  Ihr.,  1883,  pp. \\T2.    VUWs  iuvari.ililr       of  th«  term  '^absoluto 
hardtitjHs"  ik  ritiilu  uninstifiahl*'.    His  <lat:i  iin^  rolrttivc  at  bcsV 
•"Tomer:  Pmc.  Bivm.  Phil  Snr„  IS»7,  vol.  v  (2). 
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Seebeck^s  only  advance  on  Frankeubeim  is  a  transfer  of  judgment  trcm 
the  hand  to  the  eye,  the  latter  being  confessedly  more  skillfhl  in  mak- 
ing estimates.  At  best,  however,  the  method  thus  established  en- 
counters the  following  serious  disadvanta;;es.  In  the  first  place,  the 
results  obtained  depeud  on  a  variety  of  minor  conditions,  foremost 
among  wliicli  is  the  nature  of  the  material  out  of  which  the  stylus  is 
made.  Steel  is  most  ^n^nerally  used,  but  steel  cm  not  be  exactly 
defined^  and  tlieret'ore  the  observer  has  no  right  to  assume  that  hjj* 
stylus  is  a  body  of  fixt?d  properties.  Moreover,  the  necessity  of  using 
both  hard  aud  soft  steel  in  the  apparatus  introduces  a  t'urtiier  couipli- 
catioM.  but,  as  a  matter  of  fisict,  when  a  hard  steel  stylus  is  applied  to  a 
soft  brnly  the  pressure  nuder  which  the  stylus  moves  must  be  reduced 
below  the  limit  of  measurement,  whereas  hard  bodies  arc  only  scratched 
by  hard  stc*  !.  Franz  used  botii  a  steel  and  a  diamond  point,  and 
endeavored  to  co-ordinate  the  lesults  of  the  two  by  measuring;  the 
hardness  of  a  given  snitsible  body  in  terms  ot  each  stilus.  It  is  true 
that  the  nundiers  obtained  in  the  two  series  of  experiments  show  a 
constant  ratio  {cwt.  par.),  but  it  does  not  (nll(»\\  that  tliis  would  always 
be  tlie  case,  and  it  is  quite  ini])rol)able  for  large  intervals  of  hardness. 

The  second  difVicnlty  encountered  is  the  dependence  of  the  results  of 
the  slvleroujeter  on  the  degree  of  sliarpness  of  the  marking  stylus.  Xone 
of  the  above  papers  touch  upon  this  matter,  nor  would  it  be  possible  for 
them  t^  esfiiii.itc  tliis  eflect.  Yet  it  is  quite  obvious  that  the  pciu'ilsof 
ditfViiMit  apparatus  can  not  have  be«'n  id<'ntically  sharpentMl,  and  that 
tlie  pencil  of  tlu'  same  a]»])anit  iis  will  soon  bcj'ome  blunted  by  continued 
use.  M«\isurcm(Mits  into  wliicli  this  serious  disciepancy  necessarilv 
enters  cauiu)t  t  hcrctoi  e  l>c  c(»iiip;ii  ;il>k'  aiiH>ni,''  thenjselves.  Finally, 
the  modus  operaiuli,  the  \  clncity  <»t  the  moving  stylus  and  the  direc- 
tion of  the  pressur<'s  nre  lo  he  cousideied,  and  in  soinr*  of  the  above 
papers  hints  relati\  e  r(t  these  pointsfmotion,  position,  and  inclination  of 
pencil)  are  explicitly  ui^  <'ll.  IJariies  and  PeHsin,howe\-er.  first  showed 
that  tlie  etVect  prodiuMbie  by  varyiitg  the  rate  of  motion  of  th*'  stylus 
is  so  great  as  to  bv.  actually  capable  of  inverting  the  data  for  hardness. 
Indeed,  it  has  since  bcfdine  well  known  that  tlie  ed^c  of  a  rajadly  rotat 
ing,  relatively  soft  «lisc  is  scai*  ely  touj-hed  by  a  lilc  m  a  lathe  lOi»i,  and 
that  if  the  motion  be  rjipid  enough,  it  is  the  tf)o!  whicli  suffers  most. 
Nor  is  this  phenonien<m  to  be  referred  to  an  effect  of  ten»perat  nre.  If.r  it 
hnds  its  full  expianalion  in  c<msiderati«>n  with  the  rates  of  inotnm  to 
which  it  is  dm*.  The  hardest  cast  iron  <  an  be  turned  off  with  a  steel 
tool  at  a  \  ei(icity  as  hiLdi  as  *J  meters  per  .second  of  the  moving  parts. 

I  am  thus  naturally  led  to  liie  n  ipnrijint  quest  ion,  whether  tin*  defi- 
nition of  hardiness  given  by  the  skleromcter  is  cdrrect  in  lU'incijde.  I 
believe  this  is  byiio  mean.s  ihcta^e.  <vhiiteaside  irom  the  serious  prac- 
tical  dilticidties  which  1  have  Jusi  snminarized,  it  seems  to  me  that 
hardness  when  di  lcriuHicd  by  scrati  Inn^  i>  much  too  complex  a  concep- 
tion tt>  be  used  as  a  basis  for  the  detiuiinui  of  the  property.  CompH* 
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cations  are  iiitro^luced  by  the  motional  pbeiiomeim,  the  lateral  iheer 
which  at'iompanies  scratcliing,  and  in  short  by  conditions  which  have 
nothing  to  do  with  hardness  at  all.  It  is  easy  to  iinagino  how  the 
method  ori«jiiiatcd,  for  the  tests  must  primarily  have  been  made  to  fiml  \ 
out  whether  the  point  was  capable  of  punctnriug  the  surface;  but 
iiiavsmuch  as  a  pnuctnre  is  not  easily  recognized,  the  iiassage  was  made 
from  the  point  to  the  scratched  line.  Tite  static  methoil  is,  in  fact^  much 
older  than  the  dynamic  method  of  rating  hanlness.  If  therefore  the 
static  method  is  sufficient  (and  this  will  be  shown  below)  to  define  hard- 
ness as  a  chanicteristie,  independent,  and  clearly  intelligible  profierty 
of  bodies,  it  is  worse  than  superfluous  to  introduce  processes  by  which 
the  result  can  only  be  complicated.  I  do  not  mean  to  imply,  of  course, 
that  the  method  of  scratt^hing  has  been  fruitless.  It  lias  conquered  ito 
own  ground.  Thus,  for  instance,  the  gradual  change  of  hardness  at 
points  within  a  given  surface  of  a  crystal  is  among  the  striking  accom- 
plishments within  the  reach  of  the  method;  bnt  we  can  only  arrive  at 
a  clear  knowledge  of  the  meaning  of  such  observations  afber  having 
solved  the  static  problem  of  hardness  and  then  noting  the  additional 
cireunistances  introduced,  when  we  pass  from  the  dent  to  the  scratch. 
Regarded  as  practical  method  of  quiet  interpolation,  scratching  must 
retain  a  value  which  can  only  be  enhanced  by  giving  clear  interpreta- 
tions to  the  nature  of  the  process,  and  the  discrepancies  which  I  have 
pointed  out  *  need  not  then  be  apprehended. 

Under  the  circumstances  I  am  inclined  to  regard  it  as  a  step  in  the 
right  direction,  that  the  static  method  (static  because  motion  is 
excluded)  has  recently  agiun  been  taken  up  by  a  number  of  observers. 
Among  these  Orace-Gal  vert  and  Johnson,  Hugneny,f  Bottone,|  and  also 
Pfeff §  may  be  mentioned.  In  this  class  of  apparatus  a  hard  point  is 
pressed  or  struck  or  drilled  int«)  the  body  tobemejisured,  and  the  hard- 
ness is  variously  measured  rehitive  to  given  depths  of  penetration. 
This  may  be  done  by  noting  the  weight  necessary  to  sink  the  stylus  or 
by  the  number  of  rotations  of  a  definitely  weighted  needle  (PfafiTs  me- 
so'sklerometer).  Again,  the  depth  to  which  the  stylus  sinks  for  a  given 
weight  or  even  the  time  necessary  to  produce  a  given  depth  of  impres- 
sion have  been  used  for  registry.  Here  however  it  is  clear  at  once 
that  these  methods  are  intrinsically  diflidrent,  and  that  fiur-fetched 
assumptions  must  be  made  relatively  to  the  proportionality  of  hardness 
with  the  divers  data  obtidned, — ^assumptions  which  need  not  even  be 
approximately  true.  Furthermore,  tlie  body  to  which  these  different 
tests  are  appUed  is  necessarily  acted  on  in  a  state  of  strain,  if  not  ac- 

•  Huj^injuy  (see  b**low),  to  wlumi  Himilur  cuusidorutidns  are  *h\o,  taki'S  aocouiit  ol' 
thr^  kintU  of  hardnesH,  one  'Hangcutial"  and  the  other  two  uoimul." 

t  Hagaeny :  Beth.  Exp,  $ur  ta  duretS  de$  ooriw,  ParU,  Cf.  Ber.  de  Strmb.^  iSttt., 
3865.' 

t  Bott<>nr :  Sill.  Jour  IK.  1«7M.  ji.  157 ;  Fogg.  Ahh.j  1873,  vol.  150.  p.64d. 
^  JPfaff:  ,  Miineh,  Bti.,        P-  ^* 
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tually  ru|)tnre(l  .it  tic  point  ot  ohscrvnfion.  At  tli«'  tiinr  mikI  jtlacc  of 
nieasurement  the  body  lu-cessarily  ditVers  iVoiu  tlic  origiuiil  body.  Thob 
it  appear?*  that  thv  ivstilts  ol"  such  iiK'tlinds  arc  not  availablo. 

With  tlic  object  ot  corroborating:  thr  above  rciparks  I  will  exhibit  two 
typical  series  ot  data  tVom  the  papers  of  Fran/  and  of  lMart*(the  hitr<'r 
obtaiiifMl  i>y  means  of  the  nieso  skleroniotrT  aln'ady  n'ferred  b>),  ehoos- 
iii<;-  sueh  .'sul (Stances  as  are  sntheieiit l.\  (k'tiiiite  tbi'  eoaiparisoii.  In  tlie 
lirst  tabic  the  nund)ers  for  <^ypsuni  are  nuide  itleiitieal;  in  tlie  seennd 
the  same  is  done  fur  coruuduui,  the  re*4iHictive  ri&tios  being  retained  iu 
bo  til  cases. 
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Mere  in.spection  of  the  tabic  shows  that  the  ratios  of  hardne.«4s* 
run  as  high  as  lo  in  the  hrst  table,  and  fluctuate  between  2,2  aud  0.2 
ill  the  second. 

It  has  already  been  stated  that  Ilertzt  investigated  a  delinition  of 
hai  diK'ss  which  is  niath<'iiiatically  exiwt,  and  which  does  not  coiitlict 
with  the  prevailing  m)tions  of  the  (piality.  He  replaces  the  indefinite 
point  by  a  definite  spherical  sni  t'ace;  or,  to  state  this  ntoie  i  tHTeetly, 
since  the  point  is  after  all  a  spherical  surface  of  very  small  radius, 
Hertz  uses  a  stylus  with  a  radius  of  curvature  large  enoui^h  to  be 
measurable.  Moreover,  the  material  out  of  whicli  the  stylus  ( now  a 
ball)  is  t<»  be  made,  \  irtually  does  not  at  all  entm*  into  the  problem.  A 
body  may  theretbre  be  tested  for  hardness  by  aid  of  a  probe  made  of 
its  own  substance  and  the  result  is  in  no  way  dependent  on  vague 
jiroperties  of  a  foreign  body.  Finally,  the  body  to  be  examined  is  not 
subjected  to  any  permanent  strain  (set),  but  all  oia*rations  are  con- 
ducted within  the  limits  of  elasticity.  The  definition  of  hardness 
thus  obtained  take.s  the  following  general  form:  Hardness  is  the  limit- 
ing elastic  resistance  (tenacity)  of  a  body,  in  case  of  contact  of  one  of 
its  plane  surfaces  with  the  spherical  surfoce  of  another  body,  thns 
all  vagueness  of  conception  han  been  removed,  and  hardness  is  tersely 

*  Similarly  «*noi*uion8  variations  «»f  tlir  ration  for  iii«  tiils  may  1m  olttnined  from  tlie 
Bcrii  s  of  Bottoneand  llngiicn.v  (Cu^KN).  Ni  ...KM  to  .vs,  Pt— )tl  to  LIO,  rii^42  to 

}»,  etc). 

f  Hort/:  terk,  ikn-Lphyn.  1SS2,  j».  07;  I'rrh.d,  f'er.  s.  /•'.  d.,  in  irerbeji^f  VStH, 
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cla»dttledwitli  tliojiUiod  ]m>iM*rtieH  MicoiiiitoTed  in  <»iae  of  tension,  flex- 
lire,  vU\  It  18  of  4«oiirw^  necefwary  to  |i:o  into  ftirtliei*  detftil,  in  par: 
ticular  to  determine  how  pi<edsure  is  diKtributed  and  varies  within  the 
sarfo<*e  of  contact,  for  apon  these  conditions  tlie  eil'ects  of  stress  and 
the  resistance  of  the  material  will  depend.  Tlie  solution  of  tluK  problem 
has  enabled  Hertz*  to  proi>ound  a  thndamental  principle.  In  iiis 
attempt  to  verify  his  theory  ex|>eriuientally  Ifertx  was  how«»ver  mucli 
less  snccessfnly  and  as  a  consequence  soon  abaudoneil  the  work,  Th4» 
only  data  which  lie  sddnced  refer  to  g^lass,  and  his  i-esults  for  hard- 
ness  were: 


Tims  ilu'  data  obtained  are  nut  satisfactorily  *'oiistant.  Moreover, 
iiiy  l  esulis  sliow  thai  not  more  than  tlie  Ihiid  or  fourth  part  of  thediH- 
crepancies  ob8t  i  \  arc  rclerable  to  the  material.  Differencen,  there- 
fore, nefPRsarily  ninain.  It  would  be  inexpedient  to  alteniiU  to  account 
for  them  here,  chietly  because  the  number  ol  ('X[)crimeutH  nuule  is  much 
too  small  relatively  to  the  conditions  (tbrni,  material,  stress,  impiu  t, 
etc.),  under  which  the  results  were  obtained.  Nor  has  Hertz  given  a 
snfhcieutiy  detailed  st^itement  of  the  dimensions  of  the  bodies  c^am- 
iued. 


The  piessnreless  contact  between  a  sphere  and  a  plane  is  a  point. 
If  pressure  be  applied  at  the  center  of  the  sphere,  normally,  both  snr* 
faces  will  change  form  near  the  point  in  question,  until  the  strain  has 
reached  a  given  value.  In  other  words^  the  sphere  will  be  flattened 
and  the  plane  curved,  and  the  t)riginal  i)oint  is  now  replaced  by  a  sur* 
face  of  contact.  I  shall  call  this  the  impressed  surface  or  area  (Dntch- 
tlache).  It  is  neither  plane  nor  of  the  curvature  of  the  sphere;  but  the 
radius  will  obviously  lie  somewhere  lietween  these  limiting  values,  and 
will  depend  {c(Bt  par,)  on  the  elastic  properties  of  the  two  contiguous 
bodies.  Furthermore,  under  the  conditions  stated,  the  impressed  area 
is  clearly  circumscribed  by  a  ciin-lo. 

If  pressure  a<!ting  normally  through  the  center  of  the  sphere  is 
increased  the  impressed  smface  will  also  increase  in  size,  and  thepres- 
soie  is  now  brought  to  bear  on  a  larger  surtfu^e.  But  the  strain  to  which 
thematerialisput  will  deiieud  on  the  stress  i)er  unit  of  impressed  surfooe, 
and  we  are  thus  led  to  inquire  as  to  the  law  compatible  with  which  the 
pressure  per  unit  of  area  increases  with  the  total  pressure,  for  ob- 
viously both  magnitudes  must  increase  siumltnneously.  It  is  also 
easily  seen  that  the  relation  between  total  pressure  and  pressure  per 
unit  of  the  impressed  surfae(*  is  closely  allied  with  the  relation  of  total 


Kg. /mm'. 


i*r«M8ure  of  a  hard  steel  leuH  again.'tt  i)lat«  glass 

Impact  of  two  glam  bsllM  

Ptamora  of  two  thin  glfiM  rotU  
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pressure  to  the  increase  of  tbe  impressed  sarface  or  area  of  contact. 
ISfow  Her|z*s  theory  rIiows  the  radius  of  the  latter  to  iucroase  propor- 
tionally to  the  cube  root  of  the  total  preHsure  applied,  aud  hence  the 
impressed  area  will  iui^rease  as  the  two-thirds  power  of  total  pressure* 
To  this  degree,  therefore,  the  ef)'ect  of  totiil  pressure  is  abortive;  and  in 
view  of  the  enlargement  of  the  impressed  area  stress  per  unit  of  aiea 
increases  only  as  the  cube  root  of  tlie  totiil  stress.  Furthermore^  the 
manner  in  which  pressure  is  distributed  throughout  the  surface  of  con- 
tact is  fhlly  given  by  the  theory.  It  is  found  that  at  any  given  time 
pressure  decreases  gradually  from  the  center  of  the  area  towards  iu 
boundary  where  stress  is  necessarily  zero,  in  accordance  with  the 
expression 

where  h  is  the  fraction  of  the  total  radius  of  the  impressed  area  by 
which  any  of  its  points  is  symmetrically  located  relatively  to  the  cen- 
tier.  The  reference  roughly  made  above  to  pressure  per  unit  area  is, 
therefore,  of  the  nature  of  a  mean  value;  and  the  maximum  pressure  at 
the  c(;nter  of  area  is  relate^l  to  the  mean  value  here  in  question  in  the 
ratio  of to  2.  Now  i  f  tbe  total  pressure  at  the  center  of  the  sphere  is 
gradually  increased,  the  maximum  pressure  per  unit  of  area  at  the  cen- 
ter of  tbe  impressed  surface  will  also  continually  increase;  and  at  a 
certain  value  one  of  the  t  w<»  bodies,  or  both  {supposing  tbem  to  be  made 
of  the  same  material),  will  nreessarily  reach  the  limits  <jf  i'lasticity. 
lOvidence  as  to  wlutther  this  has  occurred  or  not  is  not  far  to  seek;  in  a 
plastic  body  tbe  strain  will  be  permanent.  Tberc  will,  in  (►tber  words, 
be  an  evidence  of  **set,''  for  tlie  parts  nllected  fail  to  return  to  tbeir 
original  jmsitions  \vbcn  tlu'  stress  is  relievi'd.  Furtliei  itiore,  in  a  brittle 
l)0(ly,  set  will  be  actually  accompanied  by  rupture  at  tbe  parts  too 
liigbly  strained.  We  may  therefore  in  all  instances  conclude  as  follows: 
The  Irasf  value  of  the  {central)  protsurc per  unit  of  area  necessary  tit  pro- 
duce ]>rrmonenf  srf  (or  rupture)  at  the  eeuter  of  the  impressed  Hurfaec  is 
ilci t/"s  daluiii  lin  the  hardness  of  tbe  body  under  examination.  In 
addition  to  tlie  normal  ])ressures  every  point  of  the  area  <»f  contaet  is 
also  actuated  by  latci  al  ]iresHures,  and  it  is  quite,  feasible  to  obtain 
sonn'  general  notion  of  their  value.  At  the  center  of  contact  they  are 
positive,  i,  e.,  llir  l>o(ly  is  iinilorndy  conipressetl,  whence  it  follows  that 
in  (tni-  nu'thod  of  testm-  a  crack  is  not  to  be  lookcil  for  here.  Tbe  ciise 
is  ])roiioinicedly  dift'orcnt  ncnr  tin;  lionndary  of  the  area,  where  tbe  lat- 
eral stresses  are  ;ill  negative  and  of  the  nature  of  t<Misions:  and  since 
the  loci  of  liki"  >ti  t  sscs  arc  ciri  les  concentric  with  tbe  center  of  ai'ea. 
we  may  look  ior  a  eireulai-  line  ol "rupture. 

Thus  far  (Uir  eonsidcrat i(Uis  were  only  extended  to  a  system  ot'  two 
given  luulics  in  (ontact.  The  question  arises  bow  tbe  cofidition  will 
change  if  tbe  origiual  system  in  replaced  by  a  necoud  system  dilleriug 
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in  mj  manner  whatever  from  tlie  ibrraer.  The  variations  iios^iiiible  in 
Bach  a  caReare  twofold:  (1)  The  spher^K  may  have  different  radii,  and 
(2)  the  bodies  may  have  difli&rent  elastic  constants  than  those  trhich 
obtained  in  the  first  experiment.  The  theory  of  the  experi  inent  shows, 
with  regard  to  the  first  of  these  points,  that  (other  things  being  efiual) 
the  radius  of  the  impressed  area  is  proportioinil  to  the  cube  root  of  the 
radins  of  the  sphere,  or  that  tlie  area  of  the  surface  of  contact  varies 
as  the  two-thirds  power  of  tlie  radios.  For  the  case  of  equal  total 
pressures  at  the  center  of  the  latter,  the  pressure  per  unit  of  area,  and 
hence  also  the  maximum  pressure  in  the  impressed  surface,  must  be 
proportional  to  the  (*ub(^  root  of  the  curvatnros  of  the  sphere.  To  the 
Extent,  therefore,  in  which  all  reference  is  made  to  the  stated  (rentral  or 
maximum  pressure  (per  unit  of  area),  the  data  for  limitin^^  values  of 
elasti<;  resistance  must  be  independent  of  t  he  curvature  of  the  impress* 
ing  sphere.  Hence  the  limiting  value  of  total  pressure  is  proportional 
to  the  square  of  the  limiting  or  final  radius  of  the  area  of  contact;  or, 
if  th(^  nidius  of  the  latter  is  ex]»ressed  in  terms  of  the  total  pressure 
and  the  radius  of  the  sphere  by  aid  of  the  above  relations,  then  the 
valueof  total  pi-essure,  just  sufficient  to  i)roduce  set,  must  increase  with 
the  square  of  the  radius  of  the  sphere.  In  repird  to  the  second  of  the 
above  queries,  no  special  fnentiou  is  expedient  here.  I  will  oidy  remark 
that  under  conditions  which  are  otlierwis(>  identical,  the  area  of  con- 
tact is  expressible  in  terms  of  values  of  the  elastic  c<uistant8  of  the  two 
contiguous  bodies.  To  aAoId  this  crunplication,  1  will  at  the  outset 
confine  myself  to  the  state  of  tilings  obs<*rved  when  both  bodies  are 
i<lentical  as  to  material.  For  this  case  the  relations  to  be  formulated 
admit  of  simple  expressions. 

It  may  be  worth  while,  by  way  of  recrapitulation,  to  exi)n»ss  tli(»  laws 
just  eiiuuciated  symbolically.  Let  p  be  the  radius  of  curvature  of  tlie 
sphere  in  millimeters,  />  the  total  pressure  applied  at  its  center,  /*  its 
suiK^rior  limit,  /.  the  value  of  y>  at  the  lime  of  occurrence  ot'tlu'  jier- 
nianent  set.  T/<'t  j),  be  the  pressure  ])er  unit  of  area  at  the  center  of 
the  iiiii>resse(l  suifaee,  /.  (\,  the  n^i:iximiiiii  of  pressure  in  kiloirrams  per 
square  mil liTueter,  Pi  tlie  sujxnior  litiiit  of  ^ij,  /.  r.,  tlie  ahsidufe  hard- 
ness of  tlu-  lindy.  L<'t be  t lie  diameter  oV  the  area  of  contact  (lliis 
(juality  is  iiii  mt'diately  given  l»y  ohsei  vat  ion.  ami  is  in  so  far  ]>rerei  able 
to  tlie  radius  ciubodied  in  the  abo\e  text),  /Mlie  superior  limit  of  dy 
lK»tli  in  inillirnefers.  Let  H  be  (he  n ue  hardness,  which,  as  will  be 
shown  ill  the  sequel,  (lifters  slightly  (r<tni  the  theoretic  value  I\,  </ an 
abbreviation  of  the  <|notient  p  (V.  Q  it<  limiting  value.  Ijet/l>e  the 
area  of  contact,  fMts  limiting  value,  iioiii  in  sijuariwiiilbnieters.  Fin- 
ally, let  Tv  be  the  modulus  of  elasticity  of  the  material  in  lulogiams  per 
square  inillimeter,  //  Poissoi^s  coefficient,  i.  c,  the  ratio  of  radial  eon- 
tracti(m  to  longitudinal  extension,  E'  nn  abbrevintion  of  tluMiuotient 
Brackets  may  serviceably  be  used  to  show  that  the  quaii- 
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titio8  inelosiMl  are  not  expressed  in  the  absolute  units  given,  but  in 
some  convenient  relative  measure.  Hence,  tlie  following  formulas  ai'e 
under  oonsideratioD : 

4  4 

for  tlie  same  /j  and  E '  • 

_-^^=coiist.,  uihI     =cou.st..als<M/=roii.st.,   .    .  (1). 

This  ronstant  qiiaiitity  iimsr  also  be  identieiil  with  (^>.  lloiice,  tor 
the  same  fj  aiul  j^i^  ^  Vj>  =eoust.  For  a  diHerent  value  of  but  a 
given  value  of  E'y 

^1^     /^sconst.,  and  /o  ^ssoonst  (2), 

For  different  values  of  both  p  and  E'^ 

For  difierent  values  of  /t)  and  a  given  value  of  E'y 

rV 

F  I 

 — AAtlCtf  V 

D 


P=  const.,  or^  ^=con8t., 


sconst., 

\  o  J 


(3) 


three  equations  which  are  merely  different  expression  of  a  common 
inherent  relation.  Finally  for  given  values  of  p  and  J?',  the  thef>retical 
hardness  has  the  form  * 

^*-;r  r^-ny/j  ....  (4) 

and  the  elastic  constant  B*^  tho  form 

£:'ssi:i  pq  (5) 


III.  METHOD. 

It  appears  from  the  foroj^oin*^  oi|iiations  that  to  compute  hardness 
by  aid  of  the  phenomenon  of  eontai't  between  a  sphere  and  a  plane  of 
a  f^iven  body  the  total  pressnre  under  which  contact  lakes  place  is  to 
be  increiiiied  up  to  the  elastic  limits.    The  time  of  yielding  beiu"; 
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sharply  marked  by  the  occurrence  of  either  permanent  set  or  of  rap- 
ture at  the  area  of  contact,  it  is  merely  necessary  to  measarc  the  total 
pressure  P  and  the  diameter  of  the  impressed  area  D  for  the  time 
in  question.  The  first  of  the  equations  (4)  then  leads  at  once  to  the  * 
value  of  theoretical  hardness.  In  the  interest  of  accurate  work,  how< 
ever,  it  is  unfortunate  that  the  two  quantities  P  and  J)  can  be  meas- 
nred  but  once.  It  is  therefore  desirable  to  introduce  some  variation  of 
method  at  least  for  />,  for  P  does  not  admit  of  a  second  expression. 
For  this  purpose  the  other  two  equations  given  under  (4)  are  available. 
One  of  them  (the  second  in  order)  premises  a  knowledge  of  both  £^ 
and  pf  as  well  as  of  P.  Now,  although  p  may  be  considered  sufficiently 
given  by  the  radius  of  the  spherical  stylus,  E\  on  the  other  hand, 
would  have  to  be  taken  from  tabulated  data  of  JS  and  or  be  prelim- 
inarily measured  by  aid  of  a  special  piece  of  the  given  body.  Neithec 
of  these  alternatives  is  acceptable,  while  is  known  to  vary  even  with 
insignificant  structural  differences  of  the  given  substance,  and  can  not 
even  be  considered  constant  for  difieient  parts  of  it.  On  the  other 
hand,  the  third  in  order  of  the  equations  (4)  is  useful  in  every  particu- 
lar. Based  as  it  is  on  the  vahies  of  P  and  q^p/eP  only,  its  availability 
is  enhanced  by  the  foct  that  the  q  is  constant,  and  can  tiierefore  be  taken 
from  a  whole  series  of  measurements  of  increasinfj:  p.  Far  from  being 
dependeut  on  a  single  measurement,  t  lu  rcforc.  the  observer  is  at  liberty 
to  reject  the  limiting  value  Q  altxigethei :  for  if  it  sliouhl  differ  from 
the  other  values  //,  an  explanation  is  readily  found  in  the  fact  that  Q 
IB  meiusured  when  <^  set has  already  oecurred.  The  additional  labor 
involved  in  a  step-lbr-step  increase  of  P  is  of  no  moment,  seeing  (liat 
siirh  pro(*e4lure  is  under  all  circumstances  necessary.  For  the  limits 
of  elasticity  must  be  gradually  approached  and  not  overstepped. 

I  have  already  stated  that  brittle  bodies  present  a  case  of  easy  obser. 
vation,  for  here  set  is  accompanied  by  rupture.  Only  in  rare  instances 
is  this  eriterton  preceded  by  a  visible  indentation  witlumt  break  of  con 
tinnityy  and  a  puncture  of  this  kind  can  usually  be  referred  to  a  lack 
of  homogeneity  in  the  material  or  to  anomalies  of  brittlcness.  Hence 
X  found  it  advantageous  to  begin  my  work  with  britth'  bodies,  and  the 
general  method  was  devised  with  special  reference  to  the  fa<'t  that 
nearly  all  such  bodies,  in  particular  the  glasses  and  the  greater  number 
of  crystals,  are  more  or  less  transparent. 

Tlie  spheres  in  these  experiments  are  suitably  ground  in  the  IVn  in  of 
a  plano-convex  leuse,  with  a  rswlii  of  curvature  of  1  to  30  millimeters. 
The  pLane  surface  is  preferably  a  plat(%  about  11. <>  millimeters  in  diam 
eter  and  8  millimeters  thick.  The  thickness  is  purposely  chosen  of 
the  same  order  of  magnitiidc  as  the  diameter,  in  order  that  any  dis- 
crepancy of  the  nature  ot  llcxure  maybe  excluded  from  the  start.  The 
plate  is  fixed  in  position  while  the  lenso  is  free  to  move  u]^  niid  down, 
and  pressure  is  suitably  transmitted  by  a  lever  actuated  by  :i  sri  of 
weights.  The  area  of  contact  and  the  occurrence  of  the  indentation  tue 
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to  beobservi'd,  of  ronrse.  for  an  iiivai  ia))1<'  ]»ositioii  of  the  piatr  and  Umis 
wiHi  reforfiicr  to  llie  horizontal,  nnd  the  iiieastirement  is  inadr  ihroii^xb 
a  nii('ros(  t»|H*  with  its  liue  of  si;iht  iioniial  to  the  plate,  s«*»  iii«^  that  the 
•  lengths  to  be  tak(»n  aiT  small,  lii  the  lield  of  tlie  Tiiicioscoix'  the  im- 
pressed area  appears  in  form  of  a  (hirk  eireular  spot,  which,  together 
with  the  riugs  sunoundin^  it.  presetits  a  ease  of  ititerferenee.  I  shall 
show  that  even  the  diaiueUM  s  oi  the  rini^s  are  :i\  nilable  for  uieasiire- 
meiit.  Further  particulars  however  are  best  ditjcufssed  m  coimectiou 
with  the  apparatas. 

IV.  APPARATUS. 

Through  the  kind  permissiuu  of  Prof.  Abbe,  the  a]»paratus  was 
constructed  in  tlie  worksliop  of  M.  Zeis,  of  Jena,  and  I  desire  in  this 
place  gratefully  to  acknowledge  the  suggestions  receivc^l  from  uiy  col- 
leagues, iu  particular  from  Prof.  Abbe,  during  the  course  of  its  con 
struction.  Fig.  1  shows  the  completed  instrument  in  s«^etioi»al  eleva- 
tion, nonesvsential  parts  having  been  withdrawn  lur  clearness.  It  is 
put  together  massively,  so  as  Ui  withstand  the  jwwertul  stresses  which 
are  lo  be  brought  to  bear  ou  it,  and  it  is  tirmlv  planted  on  a  ])ier  in  one 
of  the  vaults  of  the  university.   Ample  x>rovisiou  is  made  U)  guard 


« 


against  tremors.  The  cast-iron  bedplate  (f  d'  is  T  shaped  in  cross 
section,  73  '"  long  and  Lo*^^'"  wide,  and  a  central  gutter  runs  Irom  end 
to  end. 

The  sui)port  7'.  screwed  to  the  bedplati'.  is  ])rovided  above  by  a  re-en- 
trance/,in  which  the  kniie  edge  7>,  ar<»Mii(l  wliichthe  wron;^iit  iron  lever 
11  W  is  free  t^)  turn,  is  suitably  adjusted.  The  short  arm  of  11 11'  tcr- 
niiiuites  in  a  riu;^  sha[>ed  expansion  /  at  a  mean  horizontal  distance  of 
about  5""  from  the  a.\is  If.  In  the  <'onical  perforation  in  /  /'  a  plug  / 
fits  snugly  and  the  lens  L  is  attached  to  the  top  oi'  Z.  The  other  arm 
of  lUI'  is  about  ten  times  as  long  as  tiie  short  arm,  and  ends  in  the 
knife  edge  c.  The  glass  plate  p,  to  be  tested,  is  attached  to  the  upper 
perforated  yilnte  o  o',  secured  by  means  of  a  pillaied  arrangement,  of 
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which  a  is  alone  visible  in  ilie  lif^nirr.  The  plate  <>  <>'  is  about  i.G'  "'  thick, 
and  its  lower  face  is  Ihish  with  the  (•(>rres])()ii(linu  iiuv  of  p.  The  whole 
ease  c«n  be  move4  in  tin'  ^aitter  of  the  bedplate,  and  clamped  in  any 
position  by  aid  of  tlie  stionjr  screw  Si.  It  is,  therefore,  easily  jxjssible 
to  phiee  a  ])art  of  the  ;:lass  plate  jr;  opposite  the  vertex  of  the  test  lens 
L.  The  Tnif'rnsco])e  M  is  similarly  movable,  an<l  the  (  lamp  screw  .Sj 
a<lniirs  of  an  adjnstinent  relative  totiie  point  of  contact  t'»lM'  ohserNcd. 
It  is  e\pe<lient  to  fasten  the  lens  L  to  the  top  taee  of  the  pln,ii  Z  with 
cement.  The  plate  />,  however,  exactly  fits  the  hole  in  f>o',  and  adjusta- 
bly hinged  stoi)S  jirevent  it  from  fallin^^  ont.  The  niicros(M)j)e  M  con- 
tains an  ocular  micrometer  m,  and  since  illnmi?mtion  from  behm'  is 
clearly  impossible,  the  light  of  a  lateral  jras  tlame  F  is  letleeted  down- 
ward by  the  prism  w,  small  enoujrh  to  only  half  till  the  nuht  section  of 
the  tube.  After  impinfjiu^  on  the  lens  an<l  ])late,  tlie  rays  nvt-  retle<'ted 
npward  thronuh  tin*  f>penhalf  of  the  tnbe  and  tln^  inicrtnneu  r  linally 
reaching?  the  eye  of  the  observer.  The  lon^^i  arm  of  the  h'^-«M•  77'  abnts 
against  the  screw  .1,  and  its  play  maj',  therefore,  l>e  stopped  short 
hi^h  enongh  to  prevent  all  premature  conta<'t  between  the  test  lens 
and  plate.  When  A  is  s<  rewed  down,  moreover,  the  loufj:  arm  would 
much  overbalance  the  wei<;ht  ot  the  short  arm  77.  To  obviate  this  a 
<lnplicate  wrought  irini  arm  W  has  been  added,  along  the  free  end 
of  whi<  h  a  weight  ir'  may  be  ad  justed  to  counterpoise  the  Jong  arm. 

The  toini  jri\en  to  W  is  such  that  the  center  of  gravity  of  the 
lever  as  a  whole  is  not  seriously  depressed,  and  a  balance  snfticiently 
sensitive  for  the  present  purposes  is  thus  secured.    The  counterpoise 
ir'  is  to  be  fixed  so  that  the  position  of  eciuilibrium  may  leave  a  little 
spax'e  between  the  test  lens  and  the  plate.    Little  rings  r  surrounding 
the  pin  <y  are  then  added  until  an  almost  pressureless  contact  is  initially 
obtained.   However  slight,  a  true  cont;i€t  is  always  easily  recognized 
by  the  pa.ssage  of  the  colored  inlei  ference  rings  into  a  black  spot.  In 
order  that  this  initial  contact  may  easily  be  reproduced,  and  the  jaog- 
ress  of  an  expei  inient  may  at  any  time  be  checked,  a  se(;ond  lever 
71' 7i',  supported  by  the  ])illar  U  near  the  end  of  the  bed i)l ale.  is  at 
hand.    A  stirrnp  A*,  from  the  hook  of  wliich  .s<  ale  pans  of  different 
sizes  may  be  sns]>ended,  suitably  connects  both  levers  (knife  edges  c 
and  f ',  as  shown  in  figure).    T^y  a  play  of  the  screw  B  the  7l  end  of 
the  lever  nniy  be  depressed  and  the  J\'  arm  raised.    In  this  way  the 
stirru])  is  lifted  otf  of  the  k?iife  edge  c,  and  the  lever  U'  is  therefore 
unloaded.  <'onversely  au  opi>osite  play  of  the  thumbscrew  B  depresses 
K'y  and  the  load  is  therefore  transferred  from  the  knife  edge  c'  to  the 
knife  edge  c,  whereby  the  lever  is  loaded,  gradually  or  expeditiously, 
at  pleasure.   The.so  adjustments  enable  the  observer  to  carry  ont  the 
necessary  operations  smoothly,  and  without  any  danger  of  Jarring  or 
striking  the  parts  to  be  tested  together.   The  elasticit^^  of  the  long 
lever,  moreover,  is  in  favor  of  a  i)erfectly  uniform  and  8lf>w  intensifica* 
tiou  of  the  pressure  to  be  applied.   It  was  my  plau  to  return  to  the 
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prossureleBB  contAct^  after  the  effect  of  each  of  the  Huccessive  step  leads 
had  been  brought  to  bear,  and  thus  the  load  ttorrespouding  to  the  occur- 
reuce  if  an  indentation  in  p  was  imlicated  with  certainty  (see  below)« 

V.  (lENERAL  REMARKS  ON  THE  OBSERVATIONS. 

Apart  from  special  methods  of  reHcaicli  the  {general  plan  of  the  ex- 
p«»riin(Mil.s  was  as  follows:  Th«*  i)la(<'  ami  h'lis  arc»  first  cureftiliy  to  be 
fn'cd  from  dust,  grease,  moist un-,  etc..  ami  then  to  be  screwefl  iiit4) 
th«'ii  K'siirciive  ])lace.<  at  the  ceiitcr  ol  ihi'  jdate  o  o'  and  at  the  t4»p  of 
the  plu^  Z  as  securely  as  possible.  The  screw  stoj*  A  is  lifted  high 
enough  thai  the  plate  ease  o  o  «  may  be  pushed  (>\  rr  ihe  kns  with- 
out «lan;;er  of  touching  it.  Then  t lie  miscroscojie  is  adjusted  an<l  all 
])aiis  eventually  clamped  in  place  with  reference  to  the  particular  {nui 
«)f  the  glassi  phite  wluu*e  tht'  test  is  to  be  made,  it  is  ex]M'dient  tn 
claini»  lirst,  and  then  to  clamp  in  8uch  a  way  that  the  puint  in 
question  may  ()ccui)y  tl»e  middle  of  the  tield  of  view.  During  the.M* 
operations  it  will  have  been  necessary  to  gradually  lower  the  stop  .1, 
though  not  (juite  as  far  as  the  |)ositi(in  (»f  contact.  This  is  best  done 
when  the  mii;roscope  is  lixed.  I  jider  these  eiicum8t;inces,  however,  if 
the  lever  i/  H'  should  not  swing  lreel\  .  ilie  hui^x  arm  Jf  is  pre^sumably 
t/OO  heavy,  and  *r' must  be  moved  furlhei dutward  along  the  slide  (a 
little  weight  >' being  atlded  if  need  be)  until  the  prcssui  eless  contact 
occurs,  when  the  lever  swings  freely.  This  adjustment  may  actually 
be  made  U)  an  accuracy  of  about  1  gram,  a  degree  of  sensitiveness  tiir 
in  excess  of  the  denuinds. 

The  load  is  now  apj)lied,  beginning  with  the  stirrup  E  as  the  tirst 
centerpuise.  The  screw  /.'.  which  has  thus  lar  tiioad  low,  is  raised  until 
the  load  iscanicd  simultaneously  by  e'  and  c.  J*  is  then  raised  cutf 
gradually,  however,  unni  the  load  ^  has  been  quite  transferred  from 
KK'  to  Jl  II\  the  <»l)st'rver  availing  himself  meanwhile  of  the  elasticity 
of  the  long  lever.  Iiuleed  it  is  possible  to  l  aise  B  so  uniformly  that 
the  area  of  the  spot  seen  in  the  lield  of  the  microscope  scarcely  en- 
larges, so  that  the  strain  is  impai  ted  to  the  plate  at  a  very  shnvly 
increasing  rate.  Should  the  weight  of  //  l--!"")  be  regartb'd  too  large 
as  a  llrst  step,  sntaller  weights  mav  l>e  attaehed  wit!»  a  string.  Having 
read  oft' the  tirst  diameter  of  the  ring  and  noted  the  lirst  lo;id,  the  large 
lever  is  unloadinl  and  the  s<;ale  pan  aila<*hed  to  the  hook  of  the  stirrup 
H.  Then  the  lever  II  H'  is  again  loaded  in  the  manner  described, 
and  th<^  value  of  the  diameter  of  the  spot  read  oft'  Ibr  the  second  Ioa<l. 
This  process  is  repeated  as  often  as  desirabh*,  with  the  single  addi- 
tional precaution  that  when  the  limits  of  elasticity  are  being  gradually 
approached  (determined  fnun  preliminary  trials),  the  weights  are  added 
to  the  scale  pan  in  smaller  steps  than  at  the  ontsc't.  Eventually,  there- 
fore, the  valaes  P  and  7>  (load  and  spot  tliameter)  which  correspond  to 
rupture  are  obtained.   The  method  described  has  many  advantages; 
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the  obeeryer  can  proceed  with  bis  work  smoothly  and  witboat  annoying 
aecidents;  for  the  weights  are  added  by  a  method  of  manipulation 
which  is  wholly  without  disturbing  iniinence  on  the  test  plates,  etc. 

Theoretically,  however,  the  method  is  not  altogether  fl'ee  from  objec- 
tions, inasmuch  as  the  impressed  surface  is  continually  loaded  and  un- 
loaded, and  therefore  put  through  a  series  of  increasing  cyclic  strains, 
until  the  final  point  of  rupture  is  reached.  For  this  reason  I  made 
special  sets  of  measurements,  in  which  the  loads  were  added  gradually 
with  every  available  precaution,  of  course,  but  without  passing  back  to 
the  pressureless  contact  at  the  end  of  each  step.  Near  tlie  end  of  the 
operation  I  carefully  charged  tlie  scale  pan  with  sand,  pouring  it  in  so 
gradually  that  the  increase  of  the  load  was  practically  continuous. 
These  exi^eriments  led  to  some  interesting  subsidiary  foctn;  but  as  they 
did  not  change  the  chief  issue  with  which  weare  now  concerned,  I  need 
only  accentuate  the  remarks  already  made,  that  it  is  never  permissible 
to  increase  the  load  quickly,  not  even  at  the  beginning  of  the  work 
-  when  the  loads  are  all  sm  all.  In  all  such  cases  rupture  is  liable  to  occur 
prematurely,  and  the  discrepancy  is  frequently  of  serious  moment. 

In  addition  to  the  corresponding  values  of  p  and  d,  P  and  i>,  other 
quantities  were  usually  observed,  such,  for  instance,  as  would  be  neces- 
sary for  corrections,  etc.,  and  for  the  ultimate  purposes  of  this  research. 
I  always  noted  the  diameter  of  the  Newton  rings,  as  well  as  the  diam- 
eterof  the  locus  of  rupture.  Ah  to  the  latter  I  may  here  remark  (definite 
researches  will  be  published  elsewhere)  that  in  caseof  isotropic  media 
it  is  in  fact  a  circle  and  eonceiitric  with  the  area  of  coutact;  yet  it  does 
not  coincide  with  limits  of  this  area,  but  surrounds  it  in  accordance 
witli  a  well-defined  law.  For  crystals  the  loeus  of  rupture  is  not  cir- 
cular, but  an  intermediate  figure  between  a  circle  and  a  polygon  (hex- 
agon, rhombus,  trian^'Ie,  etc.). 

A  few  words  on  the  diameter  of  the  spot  are  in  place  here  because 
of  their  bearing  on  the  accuracy  of  mea8uremt>i)t.  I  found  by  trial  that 
the  demarcation  was  sharp<>.st  in  ca^^e  of  faint  illnmiuatiou,  for  in  this 
case  the  light  was  not  anuoyinj^ly  i-eflected  from  the  upper  face  of  the 
test  plate.  In  general  this  definition  varies  in  marked  de^^ee  iu  differ- 
ent experiments,  and  even  different  parts  of  the  edge  of  a  given  spot 
are  not  equally  distinct.  Usually,  however,  0.7  scale  part  of  the  microm- 
eter is  guaranteed. 

From  an  e<!onomical  standpoint  it  is  fortunate  that  a  single  plate  and 
lens  will  outlast  many  experiments,  cert^iinly  as  many  as  are  necessary 
for  obtaining  a  sharp  average  of  results.  The  lens  is  not  usually  ai- 
ibcted,  but  retains  its  even  surface  indefinitely.  The  plate  is  large 
enough  for  upwar<lKof.30  or  40  fields  of  rupture  on  each  of  its  sides.  It 
is  advisable  to  rule  the  side  of  the  i>Iate  which  is  not  to  be  used  with  a 
set  of  rectangular  cross-sectiou  lines.  Curiously  enough,  the  divers  cir- 
cles of  lupturedonot  seem  to  interfere  with  each  other,  even  wlien 
they  are  nearly  contiguous,  or  when  the  loci  actually  intersect.  X  found 
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by  trial  that  tlie  values  obtained  iu  the  last  instance  were  more  abnormal^ 
but  I  did  not  use  them.  Fig.  2,  supplied  to  corroborate  these  state- 
ments, represents  the  available  part  of  the  plate.  It  contains  ftilly  28 
indentations,  varying  in  size  because  lenses  of  different  curvature  were 
used,  but  it  appears  at  a  glance  that  there  is  room  for  many  more  expeii- 
meuts. 


Fiu.  i. 

Vi.  THE  CONSTANTS  AND  80UKCE6  OF  EKKOR. 


The  two  chief  constants  of  the  apparatus  are  the  scah>  vahie  of  the 
ocular  micrometer  and  the  ratio  of  the  anus  of  the  prinie  lever.  The 
former  was  obtained  iu  the  usual  way  by  comparing  it  with  au  objective 
micrometer.  In  my  final  and  most  accurate  comparisons  a  tenth  milli- 
meter scale  was  inserted  in  place  of  the  plate  p.   Thus  I  found 

27  scale  parts  =  1'"" 

with  a  (levi.iCDii  near  tin*  edges  of  tl>e  field  presently  to  be  disensstMl. 
In  view  of  the  form  of  the  lever  the  ratio  of  the  arms  could  not  have 
been  measured  accurately  by  a  direct  method.  Hence,  I  replace  the 
plug  Z  by  another  containing  a  pin,  on  which  a  strong  scale  pan  hang- 
ing in  t!n»  m.ain  beh)w  the  bedphitc  (f  G'  c(Uild  be  pivoted.  Observa- 
tions ni;i<h'  for  orpiilihriniii  hctwei'U  the  new  pan  and  the  stirrup  H 
(wciiilits  bein^r  <nil:al)!y  adili-d  to  the  fonncr)  showed  the  ratio  iu  (iiirs- 
tion  to  V~  with  a  pro])altl«'  error  of  i  0.01,  i.  e.,  only  about  a 
tenth  i)er  cent  of  thr  value  of  1'.  h  follows,  therefore,  that  all  measure- 
ments iu  termsi  of  the  ocular  micrometer  are  to  be  divided  by  27,  and 
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tin  (tbst  1  ved  load  at  thecmd  of  the  lever  (including  of  conrse  the  weiy^ht 
both  (if  the  stirrup  R  and  the  ))an)  is  to  be  multiplied  by  9.8.  Thus 
ttie  values  of  spot  diameter  and  total  pressure  are  reduced  to  absolute 
units. 

The  third  class  of  constants  an*  the  lens  curvatures,  purposely 
varied  iu  different  experiments.  I  did  not  attempt  to  find  them,  how- 
ever,  for  I  was  able  to  avail  myself  of  the  values  of  the  mechanici<in  in 
charge,  who,  iu  addition  to  the  chief  datum,  also  suppliotl  me  with 
the  errors  probably  made  iu  their  manufacture.  These  errors  uever 
exf'ceded  0.1""",  and  were  even  smaller  than  this  for  smaller  curvatures. 

Another  important  question  may  be  alluded  to  here.  It  does  not 
follow  at  once  that  the  diameter  of  the  black  s|)ot  measured  in  the  field 
of  the  telescope  actually  coincides  witli  the  area  of  contact.  The  ([ues- 
tion  relative  to  the  correction  to  be  ;i])i)lied  is  to  be  looked  at  fiom  four 
lK)int8  of  vipw:  (1)  Tt  is  known  that  in  case  of  Newton's  riii^^s,  lij^ht  is 
not  only  cxtiuijiiislKHl  throughout  tlie  area  of  roiitact,  but  througiiout 
a  sonicwhiit  wider  margin  to  a  i>nint  at  wliich  the  vertical  distance 
hftwc<'n  phito  and  lens  is  about  ,',  wnvc  b-ngtli  (say),  dei)ending  on 
the  inteusity  of  the  iUumiiiatioii.  The  spot  is  tlien^fore  to  this  extent 
Irrger  than  th<'  area  of  contact.  Now,  it  w<mld  be  possibltj  to  compute 
this  correlation  from  the  data  tlicoretically  given  for  the  curx  atin  e  of 
the  area  of  contact  in  a  way  sufficient  lor  all  i)Ossible  cases;  and  this 
has  )>ee?i  done.  It  is  much  simi)ler,  however,  and  more  free  from 
assumptmns  which  need  Hot  Ix-  detailed  here,  to  refer  such  measure- 
ments to  the  first  of  the  rin^s  surroinnliii;,'  the  ]>hiek  spot.  For  the 
position  of  the  ring  is  such  that  tlie  veitii  al  distance  between  plate 
and  lens  is  necessarily  k  wave  h  n^tii,  >iow,  since  the  area  of  c()iita<  t 
is  always  very  small,  the  curvature  of  contiguous  parts  may  be  neg- 
lected. Hence  the  corrcM  tion  to  be  applied  fdedncted]  is  \  of  the 
distance  of  the  first  rinu  ironi  tlie  edge  of  tlje  spot,  meaning,  of  course, 
the  tt  tir  e»lge.  In  other  wonls,  the  correction  is  one  half  the  distance, 
f,  between  the  lirst  ring  ami  the  apparent  edge  of  the  spot;  and  sin<'e 
this  correction  f)  is  to  be  deducted  from  both  cnd.s  of  the  diameter 
dy  the  full  correction  is  or  tlur  true  diameter  of  the  area  of  contact  is  • 
d-f.  It  is  advisable,  therefore  (other  cousiilerations  w  ill  appear  below), 
to  construct  a  table  iu  which  for  any  giv*en  substance  the  correction 
may  be.  taken  at  once  as  a  fum-tiou  of  the  itressure  ajjplied  and  the 
curvature^  of  the  lens  used.  For  practical  purposes,  iMoreo\er,  an 
approxin»at<'  table,  in  whi<*h  the  correction  is  nia|»{)edont  as  a  function 
of  spot-iUametcr  and  lens-curvature,  /'»,.  ^vill  in  most  cases  be  sutlicicnt, 
no  mat  t4.'r  what  the  substance  maybe.  Such  a  table  may  hcie  be 
inserted,  spot-diameters,  f/,  being  given  iji  scale  i)arts,  and  the  cor- 
rectiou  in     scale  parts  of  the  ocular  ndcrometer. 
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(2)  The  astigmatic  aberration  of  the  linage  obRerved  through  the  plate 
is  next  to  be  eonsidered.  In  view  of  the  small  angular  deviation  of  the 
lines  of  sight,  the  error  in  question  will  never  exceed  one-tenth  ]ier  cent 
of  the  observed  value,  unless,  iuffeed,  the  observations  are  made  near 
the  circumference  of  the  field  of  view.  This  is  quite  unnecessary  and 
should  not  be  done. 

(3)  Another  negligible  error  is  introduced  by  the  feust  thait  the  ob- 
served  spot  is  a  horizontal  projection  of  the  curved  area  of  contact 
Even  in  the  case  of  my  most  convex  lenses  and  the  highest  pressure 
admissible,  the  effect  of  the  difference  of  area  of  the  actual  surface  and 
its  projection  will  not  exceed  2  in  1,000. 

(4)  Finally  the  flexure  of  the  test  plate  j9,  which  under  the  circum* 
stances  is  converted  into  a  concave  lens,  may  be  addut^.  A  correction 
of  this  kind  would  lie  appreciable,  if  the  object  to  be  observed  were 
situated  at  au  appreciable  distance  below  the  lens.  This  state  of  things 
can  not  be  at  once  dismissed,  for  the  locus  of  the  circumference  of  the 
spot  is  at  a  place  where  the  plate  and  the  lens  no  longer  touch  each 
other,  as  has  Just  been  indicated.  In  other  words,  the  question  contem- 
plates the  actual  position  of  the  locus  or  seat  of  interference.  Divers 
experiments  which  I  made  with  special  reference  to  this  discrepancy 
proved  however  that  the  present  source  of  error  is  not  of  greater 
moment  than  the  preceding. 

VU.  THE  THEORY  TESTED. 

Tlic  inat<  rials  to  which  I  conlim  d  my  ju'oseiit  experiments  w»'rt'  ;;la88 
and  qiiaitz.  Thti  ;xlass  was  obtained  from  the  well-known  house  of 
Schott  &  <leii,  and  thr  tlncc  saiiii»leM  fnrjiished  were  maikj^d  1  (rather 
soft),  II  (of  mean  liardncs^  i,  and  111  (rather  hard>.  Theniin"  lart  that 
I  was  thus  ahh'  to  a\"ail  iiiyscll"  ot'  i  hrr-'  <l('^rc'e.s  of  hai  ^iiicss  ot  oiir  and 
th(^  name  substaru-*'  lent  a  peculiar  interest  to  tl»e  tests,  for  the  ditU'r- 
enees  of  hardue>s  in  qnestioji  could  not  in  any  ease  be  very  niaiked, 
and  the  test s  would  therefore  contain  an  imnuMliato  indication  of  ihe 
sensitiveness  of  uiy  inctlioil.  In  addition  to  these  substances  I  also 
worked  with  a  plate  ot  i|uart/  i  I  \  i  ent  at  ri;riit  angles  to  the  crystalU* 
;iraj»hi»-  axis.  Ib  re.  as  well  ;is  in  the  case  of  the  glass  (I,  II,  III),  the 
lens  and  plate  were  cut  Irom  oiu;  and  the  same  substance  in  eucli  eU5?e. 
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Preliiuiiiaiy  optical  work  showed  that  the  departure  from  biuuoyoaity 
throughout  the  mass  of  glass  ixaniined  was  nearly  in  appreciable,  and 
the  same  wa.s  true  of  the  given  faeey  of  the  (|uartz  api»iiances.  Hiwl  it 
not  been  the  case,  the  tests  tliemselves  would,  in  the  course  of  the  \\  f>rk, 
have  indicated  delicient  isotropy,  seeing  that  both  the  posilirm  or  tlie 
shape  of  the  lines  of  rupture  depend  on  these  conditions.  Such  results 
were  indeed  a4;tiiaI]yohtain<*d  in  certain  exi)erinieiit.s whicii  1  nnidewith 
this  especial  end  iu  view,  but  with  whu  li  1  will  not  further  detain  the 
reader,  for  another  question,  and  an  importauL  one,  has  since  loomed 
into  view  and  must  now  be  answered.  Tlie  theory  sketched  above 
makes  mention  only  of  isotropic  media,  and  thus  it  is  not  warrantable 
to  apply  it  to  crystals. 

In  a  measure  this  is  true,  but  it  must  be  noticed  that  in  the  first  of 
the  equations  (4)  only  the  numerical  coefficieiit  is  influenced  by  a'olo- 
tropy,  and  if  equations  (1)  and  (2)  can  be  proved  to  hold  for  the  crys- 
talline body  empirically,  then  the  last  of  the  equations  (4)  can  be  wrong 
only  as  to  its  coefficient.  Fnrthermore,  the  nneertain^  can  be  tested 
by  means  of  the  equation  (ii),  as  compared  with  the  second  of  the  equa> 
Usms  (4),  to  a  veiry  small  margin  of  uncertainty,  by  inserting  known 
▼alaes  of  the  elastic  constant  Aside  from  this  an  interpretation  of 
the  coefficient  in  question  shows  that  it  is  necessarily  inclosed  within 
narrow  limits.  There  is  still  another  point  of  view.  Hertz's  theory  is 
true  for  elliptical  contact  snrfiu^  quite  as  much  as  for  spherical  sur- 
foces,  from  the  nature  of  the  reasoning  employed;  and  even  in  the 
more  general  case  (ellipsoid)  the  numerical  factor  in  questions  turns 
out  to  be  3/2.  If  therefore  the  latter  is  independent  of  differences  of 
direction  considered  geometricjilly,  it  will  also  be  independent  of  the 
elastic  assymmetry,  a  consideration,  it  is  true,  which  applies  primarily 
for  lines  lying  in  the  plane  surflirce  of  the  plate,  but  does  not  apply  to 
the  norm^  dimensions  or  depths. 

I  am  bound  to  acknowledge,  therefore,  that  the  data  obtained  with 
crystals  are  possibly  not  as  accurate  as  the  correepondiug  data  for 
isotropic  substances.  This  curious  divergence  in  the  behavior  of  crys- 
tals and  glasses  is  borne  out  by  the  following  qualitative  result: 
Whereas  impressed  area  and  the  line  of  rupture  of  an  isotropic  body  is 
always  a  circular,  only  the  imx^ressed  area  retains  this  figure  for  quartz, 
while  the  lines  of  rupture  is  a  figure  midway  between  a  circle  and  a 
hexagon.  I  will  return  to  this  matter  elsewhere.  The  radii  of  curva- 
ture )f  the  lenses  used  were  widely  Yaried,  and  the  values  1, 3, 4, 5, 10, 
12, 15,  and  30  enter  the  following  experiments,  the  first  and  last, 
however,  only  in  special  work.  If  the  radius  is  too  small  there  is  obvi- 
OQS  difficulty  in  measuring  the  area  of  contact  Large  radii,  on  the 
ether  hand,  are  equally  unsatisfoctory.  The  initial  point-contact  is 
not  always  attainable  in  this  case,  while  the  stress  which  must  ulti- 
mately be  brought  to  bear  is  a  serious  tax  on  the  api>aratu8.  Again, 

H.  Mis.  334,  pt.  1  ^15 
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ihv  circh's  of  ruptui*e  ai'c  t»o  laige  that  tur  a  given  plate  relatively  lew 
tests  cau  bo  made. 

My  lirst  measurements,  imulo  with  tlie  hcjIc  object  ol"  v<Tity in f  llertz'g 
theory,  bear  directly  <*ii  i  Ik  truth  or  thi*  degrrcof  ai)iirn\iiiiatioii  »)t  the 
equations  (1)  (2)  (.'i)  of  sLu^tioii  2.  ^'ot  until  this  w  as  done  was  it  war- 
rantable to  proceed  with  equations  (4)  and  (5)  for  tlie  ineasuirment  of 
Pi  and  i,''.  (1)  To  test  tlie  equation.  (1),  (/-  const.,  or  (i  const., 
many  measuri'iinMiLs  were  made  for  each  of  the  four  samph-s  enumer- 
ated, and  for  increasing  vahies  of  in  essure.  Here  a  lew  resiilta  selectee^ 
at  random  £iom  my  notebook  may  be  exhibited. 
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It  a])i>cars  at  a  ghince  that  in  the  third  series  q  is  constant  and  that 
the  same  is  true  as  a  Jir.st  ai>i>roxiination  in  the  lirst  and  sevond  series. 
Closer  scrutiny  of  the  data  reveals  a  jrradual  but  sUjjht  decrease  «»f  q 
in  the  latter  cases,  arbitrary  tluctuatious  bi  inix  allowed  for.  Thus  in 
the  first  scries  the  avcia;:re  q  for  the  tirst  .He^<•ll  obMU  vatioii.s  is.'UO, and 
for  the  l.ist  six  205;  in  the  second  .series  similarly  the  nn  an  q  for  the 
fij'st  five  and  the  last  four  observations  is  3G7  and  3({1,  repectively. 
This  discrepancy  is  ac«'onnted  lor  by  etjuation  and  indieatA»s  a  cor- 
responding decreak,e  of  E  \  that  is  either  a  -radual  diminution  of  the 
modules  1?,  or  of  Poi.^.'^on's  ratio.  Both  conditions  may  plau.'^ibly  be 
assumed.  But  since  the  observed  march  is  insigniticant  or  even  quite 
absent  in  some  of  my  scries,  it  may  Justifiably  be  ueglect<*d.  1  shall 
tlMrefore  take  9=con8t.  throughout  iny  work.  With  this  uuderstaiid- 
ing  the  probable  errors  of  a  in  the  above  t^ible  may  be  computed  and 
appear  as  follows : 

[q\  =  0;i028  i:  0.0010;  [^j  =  O.;i043  ;1  0.0031;  \q\  =  0.808  0.003, 

so  that  the  mean  value  of  </  for  the  experiments  is  correct  to  abont 
one-lialf  per  cent  and  the  ervot  of  the  quartz  series  does  not  exceed  1 
per  cent.  By  repeating  the  above  work  a  number  of  tim^s  thfi  attaia- 
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abl<^  :M'cura<*y  is  tin  tliLi-  iii<  i<  asi'(l,  Valiu's  of  (/  obtaincil  in  this  way 
for  (litlcicnt  |>lates  and  ilitieieiit/  lenses  of  tln'  siiiiif^  inat4'rial  and  radius 
in  i'ui-h  <';Kse  sIjuw*  larger  differences  titan  tin*  lurc^oin;^  jnialysis  hns 
iiia<l''  1)1  '>l»ablr.  Hence  ir  is  i«'Usonable  to  suppose  that  tiie  «iirtereiit 
samph  s  really  ditt'er  as  to  elasticity,  altliougU  the  dili'ereuccs  aud  the 
proUable  errors  are  siu  jirism^ly  small. 
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(^uurlZf  values  of  </. 
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{^)  It  is  n4»v  only  neceesaiy  to  prove  the  equations  ('i).  Tlie  data  f4>r 
J*  vary  betireen  4  and  140  kilograms,  an  interval  which  in  comparison 
with  the  small  areaa  of  contact  encountered  is  strikingly  large.  In  the 
case  of  different  experiments  made  under  the  same  conditions,  t.  e.,  for 
values  all  correspondiug  to  the  same  material  and  the  same  lens  curva- 
ture, Pvarles  pronouncedly^  <is  the  following  example  shows.  The  series 
is  again  choneii  at  random  and  represents  an  unfavorable  case,  for  tiie 
probable  error  of  the  mean  result  is  fiilly  3^  per  cent. 
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0.47 

6.68 

0.60 

0.60  ' 

0.4* 

0.48 

M«iin  value,  0.7. 

Now,  it  is  to  be  observod  ( 1 1  tliiit  at  large  value  of  P  is  iisiinlly  cor 
related  with  a  hirsfc  value  of  y>,  and  therefore  also  corre.spoiuls  t4>  a 
smaller    tlms  the  thictuations  are  in  part  rectified;  r^-'i  tliatiii  thefinal 
e«  I  nation  (4)  the  cube  root  of  P  only  enters,  so  that  all  errurs  are  redueeil 
a8  1  Ui  3. 

Quite  an  unexpected  result  is  rea<»hed,  however,  when  the  data  for  dif- 
ferent lens  eurvaturCH  are  compared.  The  equations  (.t)  are  not  cori-oh 
orated,  not  even  a])proximately, though  it  would  not  be  diflu  ult  to  find 
acorrectedterm.  Thus,  for  instance,  in  case  of  the  glass  II  the  data  ait^ : 
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P:1J«=     '81.7  «7.0 
r:(ih=      I    1.64    j  ii.W, 
Difi=  0.142  1  0.119 


All  of  which  relations,  instead  of  bein^  coiistanty  appreciably  ilecreaae. 

This  may  be  expressed  as  follows :  The  presmtre  per  unit  of  area 
which  jnxt  ])roduees  a  line  of  rupture  in  the  surface  of  a  given  plate  of 
a  given  body,  is  not  always  the  same;  tbe  said  pressure  inrrcnsrn  in 
proportion  ax  the  test  lejM  in  more conve.r  or  the  area  of  contavt  smaller. 
A  fni  tlier  statement  to  tbe  same  eftect  may  be  made  by  iudi(;atiiig  that 
the  total  pressure  just  sufficient  to  produce  a  line  of  rupture  is  not  pro- 
portional to  the  square  of  the  lens  curvatui-e;  or  a'i:ain  that  the  diam- 
eter of  the  impressed  area  when  ruptur<»  jnsr  fM-curs  is  not  directly  pro- 
portional to  the  radius  of  the  lens,  seeing  that  both  quantities  increase 
at  a  retarded  rate.  Mere  inspection  of  tbe  above  table  shows,  how 
ever,  that  the  values  of  the  second  row  (P://)  decrease  at  the  rate  in 
which  tlievalues  pincrease,and  the  sameobservation  applies  to  the  otiier 
rows.  Hence  it  follows  that  the  relations  theoretically  deduced  above 
are  to  be  repla<!e<l  by  empirical  relations  sucii  tliat  {!)  Pis  not  propor- 
tional to  i>2,  but  to  T)'  \  (2)  P  is  not  proportional  to but  to  p;  (iJ)  not 
/>,  but  7>*^'  is  proportional  to  p. 

In  how  far  these  inferences  are  iictually  borne  out  by  experiment  in 
shown  by  the  following  summary : 


The  probable  errors  are  throughout  only  about  1  percent. 

For  the  other  plates  these  relations  were  also  applicable.  In  these 
cases,  however,  only  two  values  of  p  (4  and  12  minimeters)  were  availa- 
ble, so  that  the  test  is  not  very  cogent.  I  therefore  had  a  new  plate  and 
lens  made  out  of  each  of  the  samples  of  soft  glass  I  and  of  quartx, 
selecting  the  radius  in  such  a  way  that  the  impressions  of  the  stylus 
approach  the  effect  produced  by  a  point  or  needle.  A  small  radius 
also  seemed  preferable  from  the  following  ulterior  considerations :  If  the 
value  of  the  pressure  per  unit  of  area  which  just  produces  rupture 
is  a  ftinction  of  the  radius  of  the  lens,  then  the  value  p—1  (milli- 
meter) as  compared  with  the  above  radii,  must  possess  the  particular 
imiiortance  of  a  unit.  Experiments  made  with  these  small  and  highly 
convex  lenses,  cannot  of  course  lead  to  as  great  a  regularity  of  data  as 
wm  obtained  in  many  of  the  above  cases;  but  the  mean  result  is  none 
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the  lens  proDoiinccMlly  in  haruiony  with  tlit^  relations  just  a<ldne«Hl.  TUis 
appears  in  the  fbllowint;;  8tinimaty : 
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GlaMl 


I  Quarti 


(Quartz 


TliMirvtintlly  ami- 

FoiiihI  to  lie  roii- 

Ktant. 

Th(^<>n>tirjiUy  ron- 
Hunt. 

Kouiul  tn  bp  eon- 
stant. 


>'>4.  4 
6.44 
0.  IH 


J  0.5 


G5.1  ^0.3 

5.11  4:0.0t 


Here,  m  in  the  above  case,  the  probable  errors  are  between  ^  and 
1  per  cent. 

On  the  basis  of  these  results  it  ibUows,  therefore,  that  if  hardness  be 
computed  by  the  last  of  the  equations  (4),  the  Hertzian  values,  Pu  will 

vary  with  p.  If,  however,  these  data  arc  niulriplied  by  \//>,  «>r, 
more  convtiuieiitly,  by  3  -//J,  then  the  lu  w  values  oi  Uardiie^ss  are  <-on 
stant  qualities,  irrespettive  oftlu'  <ur\atnie  ot*  the  sty  his  used,  fn 
jfeneral,  i'lirtlH^nnore,  tlie  theoretical  premises  have  b<*eu  ex)rrobonit4*tl 
by  ex|>eriuuiiit  to  a  remarkably  elose  degroe  of  a<*<*ordauee*.  only  in 
one  point  (and  this  hii})j>ens  to  Jm*  tlie  most  important  deduction)  is 
there  a  wide  diver^jenee  between  predictions  of  the  theory  and  the 
facts.  Iniusinuc'h  as  The  disagreement  evith  iKM  s  a  well  dcliucd  law,  it 
is  worth  while  to  exaiuuic  the  conditions  uiuler  which  the  lhex>ry 
applies. 

(1)  TTcrta  sujiposes  tin-  area  of  contiict  to  be  small  relatively  to  the 
Bplu  riral  surface,  la  the  above  experiments,  however,  it  is  quite 
doubtful  whether  this  can  at  once  be  Jissiuned  in  all  cases.  Indeed,  the 
ratios  of  the  limiting  radius  of  the  impresseil  area  H  and  the  lens 
radius  p  reach  values  as  high  as  1  :  11,  and  they  can  not  be  at  once  dis- 
missed. We  are  thus  led  to  inquire  in  how  far  the  theoretical  stiite- 
ments,  relatively  to  prassure  direc^tion  and  jiressure  comiionents,  curva- 
tures and  area  of  the  impressed  sui  face,  areatt'ectiMl  by  the  large  valiie.s 
J{/p  specified.  1  have  tlotie  this  and  find,  in  a  way  whieh  has  alrea<ly 
been  suggested  in  the  above  tezt^  that  the  theory  still  holds  to  a  degree 
quite  within  the  errors  of  experiment,  at  least  iu  themi^rityof  obser- 
yations.  The  fixed  values  of  moreover,  is  compatible  with  this  resu  1 1 , 
for  in  the  case  of  increasing  loads  q  is  prononnce<lly  4*onataiit  when  p 
is  smallest. 

(2)  Again,  the  interesting  fact  that  the  locus  of  rnpture  snmmnda 
the  area  of  contact  and  is  .situated  at  a  certain  distance  from  it,  may 
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be  looked  iuto.  But  if  in  the  above  formttlm  the  inipn^sed  siir&ce  iB 
replaced  by  the  area  witliin  the  circle  of  rapture,  the  empiric  law  stated 
above  is  not  changed.  The  source  of  diserepaucy  is  not,  therefore,  to 
be  found  here. 

(3)  Nor  does  the  assumption  that  the  impressed  surfiEMses  may  be  rel- 
atively too  large  help  us  out  of  the  dilemma.  For  in  such  a  case  the 
differences  between  theory  and  foet  would  vanish  in  proportion  as  R/p 
is  smaller.  Tlie  results  do  not  show  this.  In  case  of  glass  III,  for 
instance,  the  ratios  P  D-  are  still  enormously  different,  for  p=4  and 
p=12  PjJJf^^dSM  and  o6.4,  resi)ectively).  whereas  the  quantity has 
ali  (  iuly  decreased  to     and  3V,.  respectively. 

To  decrease  i?  p  even  beyond  this»  a  new  lens  was  made  of  tin*  same 
glass  with  a  radius  as  large  as  p=«30  millimeters,  lu  this  case  Rjp^ 
^  and  VjU^  ought  thoretbre  now  either  to  coincide  with  the  corre- 
sponding quantity  for  p=12,  or  at  least  to  difl'er  inappreciably  from  it. 
The  data  found  for  P/i>^,  however  and  5(>.4),  are  very  tar  from 
being  constant,  while  PjD2i  '6  shows  the  same  fixed  values  sis  above. 

(4)  I  may  instance,  in  passing,  that  in  the  case  of  diffen  iit  substances 
the  quotients  P  7)^  are  independent  of  p.  Thus,  for  thr  substances 
tested  the  values  given  dimensions  of  lens  are:  Glass  I,  100;  glass  II, 
10.1;  glass  III,  II.'J;  quartz,  1.15.  Hence  it  is  possible  to  obtain  a  rela- 
tirf  scale  of  hardness  which  is  not  affected  by  the  discrepancies  here 
discussed,  and  therefore  some  certain  progress  iias  been  reached,  from 
a  prtictical  i>oint  of  view  at  least. 

(T))  Sunnnariziii<j:  the  above,  1  am  l)oini(l  to  cimfess  that  the  cause  of 
the  discrepaii(;y  betwcn  theory  and  experiment  has  thus  far  eluded 
me.  A  gap  must  therefore  be  left  in  tlie  tlieoretical  side  of  the  in<iuiry, 
with  reference  to  which  1  would  like  to  hazard  the  following  sug;res 
tions:  Compatibly  witli  tlie  relations  which  I  have  found  experi- 
mcutally,  the  last  of  the  Cipiations  (4)  leads  to  very  different  values  of 
Pi  when  different  test  lenses  are  em])loyed.  It  l  iicrelorc  i\  be  tcrnied 
the  hardness  oi  the  material,  the  formula  has  no  concrete  meaumg. 
Hence,  either  the  stated  <letinition  of  hardn«  ss  must  be  rejected  or  one 
of  the  conditions,  subject  to  which  the  equiitiou  was  deduced,  is  not 
appli<'al)le.  Saliently  umuug  these  is  the  assumption  that  plate  and 
lens  are  of  the  same  material,  an4l  are  therefore  necessarily  identical  as 
to  hardness.  If  this  is  not  the  case,  then  the  hardness  of  one  of  the 
parts  oi  the  system  is  to  be  cx])ress«'<i  in  terms  of  the  otlier  (the  equa- 
tions for  this  computation  are  of  an  involved  character),  and  with  the 
aid  of  the  observed  dattv;  or  ofiuatiun  (4)  can  only  yield  a  nmgh  value  for 
the  mmii  hardtiess  of  the  sy.stem  of  plate  and  lens  at  best.  The  jioiufc 
wliich  1  am  approaching  is  this:  Even  if  the  lens  and  plate  be  cut  from 
the  same  homogeneous  solid  it  does  not  follow  that  they  are  necessa- 
rily equally  hard,  for  hardness  m;i\  reasonabl\  be  conceived  to  vary 
both  with  the  substance  and  with  the  superliciai  curvature  of  the  parts 
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at  the  poiut  of  examination.  Clearly,  in  rucIi  »  esuw,  liardiioKS  would 
increase  with  the  ctirrature  at  the  point. 

Kyideoce  in  fayor  of  this  BurmiBe  is  already  available,  seeing  tbat 
whenever  the  above  experinients  are  can'fully  planned  and  cxccatedy 
rapture  always  occurs  in  tlie  plate,  while  the  lens  i-einains  intact. 
Hence,  in  proportion  as  tbe  lens  is  more  convex  it  is  also  harder,  ftiid 
tlie  value  of  the  mean  hardness  of  the  system  obtained  from  equation 
(4)  must  therefore  increase  with  the  lens  curvature.  This  is  what  the 
experiments  actually  indicate.  J*ui*auiug  this  su^jxcstion  fiurther,  it 
ibUows  that  the  equation  expressing  the  hardness  of  the  lens  will  be 

where  a  is  the  hardness  of  a  ])l;inc  suriace  of  the  given  niati  i  ial  (a 
constant  which  might  be  called  iHtrin.sic  hnrdnem),  and  />  the  <  urva- 
ture  <-uiistant,  or,  as  it  nnght  he  called,  surfact:  hutdtifs.s.  The  clo?>>t» 
analogy  between  //  and  the  suriace  teusiou  of  liquids  is  obviouu  at  a 
glance.' 

As  a  second  siif^gestioiu  I  should  like  to  propose  a  change  of  Hertz's 
deftnition  of  hardiicss,  Ilm-tz's  chara«'teristic  eontiiius  thrcech  iueuts; 
it  is  (1)  a  pressure,  [2)  iis  direction,  y^, ,  is  normal,  and  (3)  it  refers  t4» 
the  center  of  the  impressed  surtace. 

Since  the  criterion  in  case  of  brittle  bodies  is  the  occurrence  of  rupt- 
ure, /.  €.j  li  separation  of  parts,  the  immediate  cause  can  not  be  pressure 
but  tension.  Furthermore,  tbe  crack  passes  from  the  surAice  z  =  (),  ncjt 
quite  normaUy  perhaps,  but  nearly  so,  into  tbe  interior;  and  heiiee  it 
IB  not  but  an  oblique  pressure,  indeed  almost  a  lateral  pressure,  X,, 
which  is  pre-emineutly  active.  Final iv  since  the  crack  encirdea  the 
area  of  contact,  the  component  is  here  to  be  inserted.  Unfortu* 
nately  the  complexity  c^the  formnlie  is  such  that  a  full  solution  of  the 
problem  can  not  be  obtained  for  this  case;  they  show  however  that 
Xx  reaches  its  maximum  negative  value  on  the  outside  of  thesurfiMse 
of  contact,  and  that  the  maximum  is  differently  related  to  the  lens 
curvature  from  the  normal  pressure.  Obviously  the  latter  is  dependent 
on  curvature  in  two  dimensions,  the  other  on  the  curvature  in  a  single 
dimcDsion.  In  sliort,  even  if  the  exi>eriment  leads  to  different  values 
of  (-^r),„ax  according  as  different  lens  curvatures  apply,  it  does  not  fol- 
low that  theses  diflerent  values  may  not  all  correspond  to  one  and  the 
same  (^V,),„ax.  Perhaps  these  considerations  may  even  be  put  more 
clearly  by  calling  to  mind  that  the  maxiniuin  pressure  on  the  surfiMse 
produces  no  appreciable  elfect  in  this  surface  at  all }  its  action,  however. 

An  allied  analogy  is  given  by  tbe  tensile  strength  of  iron  wire,  whicb,  uccordiu|jf 
to  Banmeister  (Wied.  Ann..  toI.  18, 188^  |>.  578),  is  greater  in  proportion  as  the  tbiek- 
iie.HH  of  tbe  wire  is  Knialler.  I  have  found  that  the  law  hero  iBF=  rouHt.  ^.r.  or 
ideiitii  :)1  with  tlio  above  relations.  Some  exoeptions  may  reasonably  he  taken  to 
all  of  these  points. 
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iwdinf  rihnt«*<l  radiully  uutil  a  linfof  rii])t  uie  is  the  visible  ri'suJt.  Ik'iH'o 
it  is  not  remarkable  tliat  eonstaut  resultii  cau  only  be  i'6a4'.hed  if  is 
divideU  by  a  low  i)ower  of  i>. 

VIU.  DATA  FOR  HARDNESS  AND  ELASTK'ITY. 

The  remarks  of  tbe  preceding  paragraph  hare  nhown  that  though  the 
theoietieal  questioos  ODcouiitered  in  the  present  paper  are  in  need  of 
farther  elacidation,  the  considerations  involved  do  not  mnch  affect  the 
practical  side  of  tbe  issae.  I  havo  already  i>oi nted  out  that  iri-espeotive 
of  the  shortcrominj^s  of  the  theory,  the  relative  scale  of  hardness  is 
vonchcd  for.  Anfain  there  is  one  particular  case  in  whieh  the  data  arc 
virtually  absolute*.  This  occurs  when  the  curvature  of  the  leus, 
ITinally  the  absolute  value  of  the  data  obtained  will  uecessarily  be  ^^eu- 
eral,  since  the  fsvcts  show  that  by  multiplying  Hertz's  expression  by 
^  the  leanlts  for  a  given  substance  are  constant  throughout.  This 
datum  may  safely  be  taken  as  the  absolute  hardness  of  ttie  body, 
although  its  mechanical  interpretation  is  not  quite  apparent  nor  quite 
certain.  Furthermore  even  these  strictures  will  disappear,  if  the 
occurrence  of  a  particularized  surface  hardness  can  be  inferred  from 
other  and  independent  experiments,  or  if  the  dependence  of  tenacity 
and  of  hardness  4m  lens  curvature  can  be  similarly  computed  in  all 
cases.  With  these  conditions  premised  the  quantity  I*i-^p  maybe 
termed  the  absolute  hardness  of  the  body,  and  henee 

To  give  an  example  ot  the  tlut  tuations  herein  question,  the  following 
two  series  of  individual  values  of  hardness  may  be  adduced: 


GlaaHl. 
QnartK. 


I-!, 


234 

298 


2«I 


1  - 

222 

218 
291 

^227^2. 

1 

1 292±a. 

It  was  my  habit  to  compute  all  the  values  of  M  individually.  From 
these  the  Ibllowing  mean  values  of  hardness  were  derived: 


|UUmI   212 

GlMlI.. 

|OiM«iir. 

'  1 


215 
244 


222 


JO 


227 


12 
214 


ao 


227 

m 


236 


Mew 
viila«». 


2l4i  1 
220^2 
229^-2 

2»^2 


These  data  show  a  stM|iiemre  of  valties  which  in  the  first  ])l}M*e  is 
qualitatively  iu  accord  with  the  UHual  scale  of  liardne^s  (glass  4  to  0, 
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(jiiart/  7).  Tlioy  tiirlhi  r  show  ii  liij^lily  satisfiictdiy  •lop^ifr  of  jmh^'<hxI- 
Hiice  (remeuilK'ring  always  tliat  this  is  Lhii  liist  nttfuipt  iiisule  to  define 
hardness  rigorously) ;  tor  tin*  errors  lie  witbiii  1  percent.  In  ease  of 
the  individual  values  Ibr  jrlaKs  even  the  extreme  data  lie  far  enough 
apart  to  iiulitate  llm  dillcieiiee  of  matiTiiil.  Nor  is  it  remarkable  that 
the  value  for  «|uartz  is  not  larger  relatively  to  glass,  seeing  that  all 
these  bodies  are  closely  related  to  eiich  other.  Indeed,  I  shall  show 
elsewhere  that  quartz  plates  cut  parallel  tf>  the  axin  are  not  harder 
than  glass  of  average  hardness. 

Inasmach  as  hardness  thus  appears  as  a  particular  kind  of  teoacity, 
it  is  intei^esting  to  compare  the  results  obtained  with  tenacities 
obtained  by  other  and  more  common  methods.  This  can  at  once  be  done 
tbr  glaAs,  thanks  to  the  elaborate  reserches  of  v.  Kowalski.*  I  will 
thei'efore  compare  his  data  for  Thnringian  glass  with  the  mean  of  my. 
values  for  barduoss 

TmaeUjf  of  gl4U9  in  kg/mm' 


Tension   s.H 

Fkxiire   8.S 

Torsiim   10. 1 

ComprcN^iuu  37. 7 

Hardnem  22H. 


Hen(<'  longitudinal  and  flexuial  tonicity  are  about  cijiially  large, 
torsional  ten;M'ity  is  somewhat  larger,  «*ompressional  tena<:ity  four  timers, 
and  hardness  twenty-six  times  as  large  as  the  lirst  qxnvntity. 

[  shall  now  atti.'mpt  to  avail  myself  of  eipiation  (5)  and  thus  obtain 
the  elastic  constant  K'  and  possildy  the  modulus  K^ 

The  following  values  obtain  for  E*. 


Material.        UlaMl.  GlaMll.  OlawIILj  Qnarte. 

i:«   I        6592  «i9«h(  7764       10  I«4 

I'rubttble  error -  ■  .  *I5  ±'M  i         ±4<»,  ±18 


Now  J^'  contains  both  JH  and  and  tliese  can  be  individually  meas- 
ured only  by  a  combination  of  methods;  for  instance,  from  data  fiir 
flexure  and  torsion,  or  for  longitudinal  extension  and  radial  contrac. 
tion.  In  viewofthe  peculiar  signitication  of  it  is  itossible  to  obtain 
approximate  results  at  least,  without  special  exiieriments;  for  /i  oocura 
in  J?'  in  the  form  of  (l^^i*),  a  function  which  does  not  markedly  change 
even  if  the  extreme  values  for  ^  be  inserted. 

According  to  Oomu,f  Everett,t  V^oigt,^  Oantone,||  and  v.  Kowalski^ 

•V.  Kowalski:    •  IViiiirity  f>r  t'lji-^s."    Wii-d.  Ann..  1889,  vol.  XXX\Tr,  p.  307.  Tho 
older  reaultii  uf  WertUeiiu  urc  niut  U  Hiuullor. 
tCornn:  Campt.  Rtmd*,  tf(69«  vol.  lxix,  p.  21S3, 
tKverott:  Phil.  7Va»«.,  IH67.  p.  139. 
^  Voigt:  Wi(Ml.  Jhii.,  ISHJ.  v<»l.  xv»  p.  IM7. 
IC'aMtone:  .In  .  I.iu.  ..  IMSH,  vol.  IV,  pp.  TJiK  ^Uii. 
^Kowalaki,  /.      p.  15. 
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lh«  valin.'s  of  It  ihv  '^hxss,  Iir  Im  Iwcimi  0.2<KS  and  0.201,  au<l  loi-  fcheso 
extremes  tbe  values  ot  (1  — //-)  are  0.9."»7  an<I  0.!K50.  lesjxM  tivfly.  Fiir- 
iluTinore,  the  mean  value  ami  )ii()hal)l<*  error  of will,  in  l  onsideratioa 
at  the  weiijlits  of  the  individual  measurements,  be  /i=0.1i25i; 0.008,  and 
therefore, 

=0.949  0.003. 

Hence  the  error  would  be  no  larger  than  one-third  |)eroenty  but  for  the 
fa(;t  that  /4  Ib  only  ^iven  for  very  small  strains.  In  case  of  marked 
fleforniation  ply  ac<^iiling  to  Uontgen*  and  others,  is  smaller;  and  when 
the  body  is  incompressible  (where  =  (>..*►),  the  decrease  in  question  is 
pr(Hioun<*ed.  These  extreme  conditions  sue  without  relevancy  iu  the 
present  case,  and,  proceeding  from  analog>',  I  shall  put 

(1-Ai»)= 0.97  ±0.01, 

80  that  the  probable  error  is  1  per  cent.  Hence  to  compute  Jsi  it  is 
merely  necessary  to  deduct  3  per  cent  tnm  E\  whence 


Material.  ,  GXmn,  I. '  OlAM,  II.  GImh.  IU.! 


5424 


0751 


7531  , 


The  elasticity  of  different  glasses  is  therefore  snbje(;t  to  large  varia- 
tions, and  it  is  scarcely  possible  to  make  a  detailrd  comparisnn  with 
the  results  of  other  observers,  as  long  as  the  chai  actor  of  th«'  gla.ss  in 
question  is  not  definitely  s|M'citied.  In  how  tin-  my  results  are  in  keep- 
ing with  such  value  maj'  be  gathered,  iu  a  geuerai  way,  from  thetullow- 
ing  iuttjretjting  table: 


SiilMtaiuw. 


OlNt«r%'ur. 


Soft  gla«H.   Aiiorbaeb  

Ci7»toU   eontftiii'  WeiilMlm* 

hig  Pb. 

t.f  wuinh  2!n««<   Voigt*  

TiiurinKian  gliuw  j  v.  KuwaUki'. 

Bair liard glaM   AiifrbaRh.... 

<'ry«lal  j  W«»rtliclm  ... 

l>lAto  kImm  PKheidH . . 


K. 

5477 

<W80 
€702 
0751 

eoao 


Sobstanoe. 


ObtMjrvor. 


riato  iilasH   WiTtlifiiii  . 

Plato  glaaa.  Rbcn-  [  Voigt  

("tLish  of  Fiirth   rsrbi'HU... 

Jirlgiau gUiw  I  pH<'li<-i<11... 

HaMgUia*...  '  An«rbach.' 

Uolu'iniaii  gUiM.... .  I'-^t  iiehll... 
Window  frlaaii  i  Werthalm . 


E. 


7015 
7356 

749a 
7531 

"."••'Vtt 
7917 


■W«itbeiin  and  <'h«'riindl»r :  Compt.  Rmd.,  IMS.  vol  xx,  p.  1637. 
* Yoigt :  WiLod.  A  » n..\m,       XV.  p. 487. 
*r. Kowalnki :  l.e..\i.U). 

*Pm  hcidl:  Wlta.  Ber.,  1877.  vol.lxxix,  p.  114;  1882,  vol.lxxxvi,  p.  II  V 

It  is  my  purpose  to  carry  out  a  comparison  of  this  kind  systematic, 
ally,  by  te^t  in  both  the  niodnhis  of  elasticity  and  tlie  hardness  of  a  grreat 
▼ariety  of  glasses. 


'K5iitg«>ii:  J'o^.  Ann.,  1876,  vol. CIJX.  p. 601. 
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For  quart/  the  value  lias  no  innncdiat*  iiit  aiiinj^,  luit  tlie  fjwtor 
witli  which  is''  istolM'  muJtiphed  t<>  <»l)taiM  Ihe  iiKxiuhis  Zv",,  in  thedirec- 
tioii  <il'  tlie  axis  is  certainly  nearer  I  tlian  in  tlie  case  ot*  jrhiss,  sccinir  that 
both  liard ness  and  olnsticity  are  more  pronounced  in  the  former  case. 
Hence,  the  crroi  madt*  by  ^mflin^  Et^—E^  or  J5„=10104  will  not  be 
larger  than  L*]>cr<*ent.  Indeed,  this  value  when  compared  wiih  Voij^i  6 
value,  /?„=10ti04,  agrees  with  it  to  alumt  1  \nn-  < cut.  In  cunt^ideration 
of  tlic  totally  different  niethods  by  which  the  two  results  are  reached, 
the  agreement  is  very  satistiU'tory.  Moreover,  since  the  two  data  cor- 
respond to  different  inti'usities  of  strain,  complete  co  incidence  i8  not  to 
be  looked  for. 

1  will  close  with  a  short  comi>arison  of  the  values  of  hardness  and 
ela^sticity.  It  appears  at  once  that  the  harder  of  two  bodies  is  the 
more  elastic,  but  hardnefts  increases  less  rapidly  than  ela8ticit>*.  If  H 
he  expressed  in  per  eenta  of  the  following  values  oUtain:  Glass  I, 
3.9j  glass  II,  3.3;  glass  HI,  3.2;  quartz,  2.9.  This  state  of  things  is 
strikingly  manifest  in  the  experiments  themselves.  One  wonld  natur- 
ally expect  that  greater  pressures  an^  to  be  brought  to  hear  in  the  cases 
of  the  harder  and  more  elastic  bodies.  As  a  rnle  the  reverse  of  this  is 
the  fact.  For  in  the  case  of  the  softer  material  the  surtkce  of  contact 
rapidly  increases,  and  hence  greater  presAures  must  be  exerted  to  pro- 
duce the  same  stress  per  unit  of  area. 
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THE  FLOW  OF  SOLIDS  * 
OR  THE  BEHAVIOB  OF  SOLIDS  UNDER  HI»U  PRESSUItl<:. 


By  William  Hallock. 


Among  the  znany  physical  questious  that  are  of  vital  interetit  to  the 
student  of  structtmil  geology  the  one  which  may  well  contend  for  a 
position  in  the  fbont  rank  is,  What  is  the  eft'ect  of  pressure,  with  or 
without  a  rise  of  temperature,  upon  the  ro('ks  and  rock-making  magmas 
which  form  the  outer  sbeUs  of  oar  eartli  ?  As  a  very  important  subdi- 
vision of  this  general  questiou  we  hii  ve  this :  What  is  the  elfect  of  pres- 
snres  upon  so  called  solids  without  any  rise  in  teinperaturc  abovea  point 
far  removed  from  the  ordinary  melting  point  ?  In  other  words,  can  we 
liquefy  8<dids  by  pressure  aloni-f  As  corollaries  wti  have  any  i>ecu- 
jiarities  at  the  instant  ot  liqnethction  and  possible  chemical  reaction 
during  this  state  of  (Mifon  od  liquidity. 

These  questions  havr  lou^  formed  t\u*  subjcci  of  tbcrm'tiral  discus- 
sion, but  ill  spit*'  of  the  fundamental  importnurc  of  their  satisfactory 
ami  linal  settlement  they  have  scldotii  been  in vestiijated  experimen- 
tally. dmibtlesH  owinjf  to  the  ditbcuity  of  ubtaiuiug^  measuring,  and 
uiaiiiii^injji'  sulbciently  higii  i)rer<sui(\N. 

W;ilther  Sprinjj:  may  perhajis  be  rightfully  called  the  pioneer  in  this 
Mdil^,  Icivinj''  within  the  last  few  years  published  the  results  of  much 
expel iiiieutal  work  upon  this  question.  His  memoirs  t  would  seem  to 
prove  without  doubt  and  finally,  that  pressures  under  7,0(M)  atmos- 
pheres will  liqiiciy  the  large  miyority}  of  solids,  and  it  is  only  a  ques- 

*  From  lUtlleiin  So.  T.T  of  the  U.  S.  (ieoloi/iral  $urt9$, 

t  fiuH  <ie  r.lcnd.  (If  Ihlij.,  1880.  '2d  ser.,  yn}.  and  iss",  M  Her.,  toI.  ix;  and 

Bull,  de  la  Soc.  <  Itim.  «/*•  I'tirin,  lHS'.i,  vol.  x\xi\.  iiml  188(>,  vol.  XL,vi. 
I  Bull,  da  I'Acad.  dc  lU  Uj.,  18Sti,  2»l  hi  r.,  •.  oL  xi-tx. 
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tiou  of  a  little  higher  pressure  t**  acroniplish  th»'  result  eveu  with  the 
most  K'tViu  tory.  Further  than  tliis^  Mr.  8priu^  lias  investigated  the 
hecond  »  oroIlary,  aud  tiuds  that  chemical  reaetion  takes  p]a4:e  during 
tbis  fusion;  *  iit  least  when  the  volume  of  the  pioducts  is  less  than  liiat 
of  the  original  substances. 

I  utortuiiatrly  however  for  the  conclusive  character  of  Mr.  Spring's 
works,  they  have  been  seriously  called  into  question,  especially  by  <  'h. 
Friedel.t  Eduard  Jaimetaz|  repeated  niany  of  Spring's  experimentfi, 
and  his  results  confirm  Frieders  critieUms  rather  tbau  Spring's  oondu* 
sions,  which  he  (Jannetaz)  coiitradiets  in  every  essential  point. 

Such  was  practically  the  condition  of  the  question  two  years  ago, 
when  the  Director  of  the  U.  S.  Geological  Survey,  J.  W.  Powell,  re- 
quested nie  to  devote  my  time  and  thoughts  to  what  we  hoped  would 
be  its  final  settlement.  § 

It  would  be  unjust  to  leave  luimciitioued  here  the  elaborate  and  ex> 
haustive  series  of  experiments  made  by  Henri  TreacaU  on  ^  the  Flow 
of  Solids,"  which  are  fundamental  as  regards  the  point  Investigated, 
which  however  is  but  a  small  part  of  the  general  question. 

In  order  that  my  meaning  may  be  clear,  I  wish  for  myself  aud  for 
this  paper  to  impress  certain  meanings  upon  certain  terms  or  words. 
Primarily,  1  wish  strongly  to  distinguish  between  causing  a  body  to 

flow'' and  rendering  it  a  true  liquid.  Any  substance  nuiy  *'rtow" 
when  the  force  acting  ti»  cause  the  moleculi  s  t<>  change  their  relative 
positions  is  greater  than  the  force  with  which  the  molecules  are  held  in 
their  on;xinal  ])ositions;  i.  is  greater  than  the  rigidity  or  viscosity  of 
the  sulistance.  This  can  occur  from  two  causes, — an  increase  of  the 
force  tending  to  disturb  tlie  molecules,  or  a  diminution  of  the  resisting 
power,  the  rigidity  of  tin-  matciial.  The  tirst  <*ause  may  take  the  form 
of  ]u*essure,  strain,  or  such  lilc*'  t'orcc:  thr  si^'ond  cause  is  heat,  aurl 
possildy  other  agc'Ui'ics.  W  licthcr  jiii)tni('  (tr  tiow  taki's  place  wlirii 
the  deforming  overcomes  t he  r«  sist force  depends  ujion  l he  nature 
of  the  substance,  its  limiting  conditions,  aud  </«}  tiim  uUmced  for  the  ac- 
complish mmt  of  tlw  motion. 

It  is  iniii(»ssil)k' to <lniw  a  shar]>  line  between  liquids^'  and  solids:" 
for  coiiN'eiiieiKM'  ilie\  may  well  bt  rhissed  as  true  li(|uids,  viscous 
b(]uiils.  viscous  soliils.  tru<'  solids.  In  ihe  lirst  class  would  fall 
sucli  sidjstauces  as,  in  a  small  li  a<  lionof  a  second,  till  their  coutaiuiug 

"Hull  dv  VAcad.  de  lithj.,  18S0,  iM  w>r.,  vol.  JCLIX.  ami  iSKi.  3d  Bor..  vol.  ix;  And 
liull.dt  la  ^'o^•.  Cbhit.  di  Puntf,  \XK\.  vol.  xxxix.  ;md  issn.  vol.  \t  \  i. 
K'h.  KritMlel.  ItuU.  dv  la  Sov.  Chitii.  de  Parin.  ISSa.  vol.  XXXLX.  ]<.  (..'H. 
\  VA.^-AUVii^lVki,  BuU.dela  Sue.  (  'him.  dt  /'ari*,  IHHt,  vol.  XL;  JiuU.de  hi  Sov.  MineraL 
FvawMj        vol.  viri,  ]».  108. 

^  This  pa)MT  is  osseiitially  taki'ii  iTom  a  report  made  toMiq.  Powell,  dated  at  Wa> 

t<^rf<>^^  n.  Mass.,  .Sojih-inlnT.  IHS.'*. 

II  Ih'uri  Trt'sca,  Mi'm.  dt  I'IiihI.  Somnlrx  f'Hruntfrrn,  isijs.vol.  xvin.  f'Dinph"  ^VM(fM, 
liHiH,  vol.  i.xvi;  liitU).  vol.  i.wiii.    .Si  o  Tit-'sta,  in  Bil>liugra)»hy,  jii  fu«l  ut  artule. 
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vesael  to  ft  horizontal  snrfiice.  As  true  liqaidH  we  should  then  have 
SQch as  alcohol,water,  glycerine^  molasses,  eto.  Viscous  li(iuuls  require 
several  seconds  to  fill  their  containing  vessel  to  a  level  sur£Ace|  thick 
tar  is  a  good  example.  When  the  substance  requires  hours  or  even 
weeks  in  which  to  yield  to  gravity  and  change  its  form,  I  would  call  it 
a  viscous  solid;  paraffin,  shoemaker's-waz,  and  even  lead  and  some 
other  metals  are  such.  A  true  solid  retains  its  original  shape  indefi- 
nitely under  ordinary  iiondittons  of  pressure  and  temiierature,  as  steel, 
glass,  etc.  Of  course  such  a  thing  as  an  abtoluUly  or  perfectljf  rigid 
substance  is  as  unknown  to  us  as  is  an  absolute  or  perfect  fluid. 

If  the  above  ideas  are  correct,  <^trae  liquefaction"  is  the  diminishing 
of  therigidityor  viscosity  of  a  substance  until  its  molecules  change 
their  relative  imnitions  as  easily  as  in  a  true  liquid. 

I  give  these  definitions  merely  that  I  may  be  under8too<l  in  the  use 
of  these  terms,  and  not  because  I  think  them  new  or  es{>ecially  good. 
In  order  tliat  ;i  substance  may  undergo  a  change  in  its  ehemiea)  or 
crystiilliue  character,  it  is  undoubtedly  necessary  that  it  should  be  in 
the  condition,  at  least,  of  a  viscous  solid,  so  that  the  molecules  can 
slowly  re  arrange  themselves,  it' there  be  any  force  urging  them  thereto. 
Our  (juestion  is,  Will  pressure  alone  im])art  to  the  molecules  such  a 
freedom  of  motion  ?  .1  priori  it  is  iTiconcei\  ablr  to  inc  how  or  why  it 
should.  For  with  tlie  exception  of  a  f^nv  isolated  suhstaiiccs  at  particu- 
lar teiii])eratTircs — as  wntcr  ln'twmi  -i^  C.  and  h-o  at  zero — an  increase 
of  liquidity  or  a  diminution  of  rigidity  is  simultaneous  with  an  increase 
of  voluuM^ — that  is,  with  an  increase  of  the  inter  nioleeular  distances, 
which  is  accomplished  by  heating"  tlie  substan<*e.  Imjrnerai,  for  one 
and  the  same  substance  over  consnli  i  iljle  ranges  of  condition,  the 
rigidity  diminishes  as  the  inicr  molecular  distuFjccs  increase.  Ilow  then 
can  pressing  the  iiu.U-cules  nearer  together  be  exp«  (  ti*d  to  give  them  a 
property  which  always  accompanies  their  seiiaraiion  ? 

TUE  APPABATl'S. 

The  first  requisite  for  the  ex[M*rinietits  was  ]>r«'ssnrc,  and  natuially 
desiriug  tin  st  macliine,  we  were  able,  throujih  the  kindness  of  Gen. 
EeiK't.  Clin  t  of  ( )rdnance,  to  have  the  mv  in  its  spare  moments  of  the 
tesluig macliine  built  by  A.  II.  Kniery  for  that  deiiarlnu*nt,  ami  situated 
at  Watertowu,  ^lass.  Tliis  nmchine  undoubtedJy  enables  the  opcrat<u' 
toobtain — measure — an<i  jua  iiai;o — high  pressures  better  than  any  other. 

Personally,  I  am  greatly  indebted  to  ('apt.  J.  Pitnum.  of  the  Ord- 
nance Corps,  for  suggestions  as  well  on  the  constrnctitHi  of  tlu*  ludders 
as  on  the  theoretical  )»oints;  afid  also  to  Mr.  J.  K.  Howard,  the  engi- 
neer iu  charge  of  the  test  ing  machine,  for  his  knowledge  of  the  capacity 
of  materials^  and  their  best  shape  ami  quality  to  <»btain  the  results 
desired.  The  apparatus  was  constnuttiul  by  the  American  Timl  and 
Machine  Oouipany  of  Boston,  Mass. 
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For  the  preUminaEy  teats  itMemed  desirable  to  liave  a  holder  which 
could  be  opened,  so  as  to  show  the  oompiessed  material  in  position,  and 
finally  tbe  following  form  was  adopted: 

DiagTiuu  uf  a|)paratua  used  in  work  on  hitch  prei«(«un>i«. 


FiQ.  1.— ttongitiMliml  aoctiou. 


Fio.  2 — Trauaverae  Motion. 

Fig.  1  shows  a  longitudinal  section  on  A  A  of  Fig.  2.  Fig.  "2  Hhows 
a  transverse  section  across  the  holder  on  tlie  plaue  B  B  of  Fig.  1.  K  E 
are  the  two  halves  in  contact  at  h  h„  inclosing  the  cylindrical  hole  F,  in 
whirh  the  substance  to  be  pressed  is  plaeed.  h  It  are  strips  of  tissue 
paper,  used  as  pnrkinp:  between  two  halves.  1  and  I' ,  ¥\^.  1,  are  the 
two  pins.  aetin<j  as  pistons,  tittin;;  into  tlie  hole  F,  to  transmit  the 
pres.sm  r;  <(  u  and  a  a  are  coijper  *»^;is  checks,"  ]daeed  in  front  of  these 
pins,  to  tlare  out  and  till  tightly  the  )h»1p.  preveutiug  any  esciipc  of 
material.  Kijrs.  1  and  '2  are  alvonf  one  sixth  ol  natural  size.  Fig.  3 
shows  the  manner  in  whieh  the  apparatus  was  held  in  the  testin-r  nia- 
cliine  and  the  pressuie  applied.  P  P  P  and  P'  P'  P'  aie  t!te  Jaw  >  -»f 
the  hydraulic  clamjiM  of  the  uiachine  (capacity  1  .ooo.onn  |H>midsj.  ii 
H  are  merely  blocks  to  enable  the  clamp  to  properly  liold  the  holder 
K  E.  N  is  a  block  to  hold  the  l>a<  k  stationary  piu  in  placr».  The  let- 
terinj;  in  Figs.  1  and  2  apply  in  Fiu.  3.  V  V  is  the  hydraulic  clamp 
on  the  tixed  end  of  the  testing  niacliine  where  the  pressure  is  weighed. 
The  block  B  B  moves  on  a  spherical  siirt'ace  (K  li)  on  the  plate  T 
thus  permitting  the  adjustment  of  the  face  of  O  perpendicular  t^)  the 
line  of  pressure  or  parallel  to  the  rear  surface  of  the  pin  1.  To  apply 
the  pressure,  the  movable  clamp  P  P'  is  forced  toward  V  Y  by  a 
hydraulic  piston,  thus  forcing  the  holder  E  E  over  the  piu  resting 
i^gmnst  the  pressure  on  O  is  measured  by  the  hydranlie  balance 
of  the  machine.  In  this  manner  a  total  comi^ressive  power  of  one 
million  pounds  was  available,  but  as  the  pins  yielded  at  110,000  pounds 
per  square  inch,  the  tests  were  not  carried  above  6,409  atmosphereai 
or  96,000  pounds  per  square  inch. 
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Ifiu.  3 — r»rl  of  twting  auKbine. 
ICXPEBIMKNTS. 


^Vit  h  theabovo  apparatuti^  uim^  as  dttscributl,  the  tbiluwiug  iaata  wem 
made: 

KIltST  TEST. 

A  paper  roll  <'otitHiuing:  1.557  pouiuls  "c.  ]>.  ^i'atiuiat<>d  h'sid''  was  . 
placed  ill  tho  liolc      the  jjaH chJM'ks  and  jiins  wjmc  instTt^'d,  tin*  hold«i* 
ba1v«'S  cIjifiiixhI  to^<'th('r,  and  tlio  pressuiv  was  yfn/rfif  a]>pli<'d;  tin' 
aiutmut  ot  <  «>iiipicssj<)ii  wa.s  mv'aamod  in  the  dititiuice  t<>  which  E  K  had 
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been  forcMnl  owv  tlie  ri^^lit-liuiHl  Multiplying  the  siniultauetais 

loads  ;ishI  eojiipn'ssions,  wo  obtain  tln'  trork  dime,  and  henee  tlie  ])OHsi- 
bli'  heiit  fjenerutrd.  Tu  this  exjiri mu'iit  the  \v(»rk  d(»ne  was  l*.;>>u  toot- 
I>ounds,  or  .S.O  ihcriiml  units,  I  |tomid  1-  V..  sutMcient  to  raisr  1,.m7 
ixmnds  leatl  alon*'  ahuut  f)3-  F.,  nv  ('.  W  ihv  heat  generat^Ml  is  dis- 
sipated  into  tin*  hohler  1^  iO,  as  is  sur«*  to  be  the  cai»e,  the  rise  in  tem- 
IH'iiitun*  would  be  less  than  1    ('.,  or  1  .S  1«\ 

Under  a  pressure  of  (>,0n()  atmospheres  (he  gruuular  lea<l  showed  not 
the  least  sign  of  ti  ue  li((uet'aetioM.  It  was  merely  pi'essed  together,  and 
could  Qii»i\y  be  broken  up  aud  reduced  t<>  the  original  grains  between 
the  thumb  and  linger.  It  U  true  them  experiments  were  not  performed 
1JI  vaeuo.  a  condition  which  Walther  Spring  considers  of  imi>ortaiice. 
But  if  there  is  a  true  liqueftiction,  why  does  not  the  air  rise  to  the  top 
of  the  cavity  and  allow  fusion,  as  it  does  when  the  granular  lead  is 
heated  !  There  is  no  liquefaction,  only  a  pressing  and  sticking  together. 

Nest  0.672  pounds*  of  antimony  was  ground  in  a  mortar  until  it  went 
through  a  48-sieve,  aud  then  it  was  similarly  submitted  to  0,000  atmos- 
pheres pressur(>,  with  the  same  result;  the  grains  were  simjily  stuek 
together,  and  were  poifectly  distinct  in  their  original  form«  The  cylin- 
der formed  was  hard  and  tenacious,  but  gave  no  signs  of  liquefection 
or  recrystallization.  The  work  done  in  this  case  might  have  raised  the 
antimony  alone  23Xio  f.,  or  110<^  O.,  or  holdei*  and  antimony  lo.8  F.,  or 

THIRD  TSBT. 

Well-crystalliased  calcite,  0.271  ))oandst  was  ground,  put  through  a 
48-8ieve,  and  submitted  to  a  pressure  of  0,000  atmospheres,  producing 
practically  no  eifect,  the  resulting  mass  being  easily  broken  between 
the  thumb  and  finger. 

Finding  it  useless  to  have  large  (piantities  of  the  compressed  material 
for  elaborate exaniinstion^  it  was  decided  to  expedite  matters  by  putting 
in  several  substances  at  one  time,  and  the  following  rather  crucial  test 
was  made: 

L  II,  let't  hand  pin,  .sUitionar}'.   li  11.  right-hand  piu,  entering  the 
hole  F,  moving. 
The  charge  was  composed  as  follows: 

A.  SiuuU  Kictiou  of  antimony  from  tent  IL 
li.  A  Htirk  or  lieoHwtix,  whitt1(*il  round,  nearly  fitting  the  hole. 
C.  A  stick  of  pttraffiii.  w1iitt]o«1  romiil.  iHNirly  tilting  the  hole. 
I>.  Uisiniiili  pn']i:ii«Hl  like  tUo  antummy  for  t^»t  II. 

1".  \a--m\  Irom  test  I. 

■  OJu  J  jMimi'ls  ant iirtoiiy.  solid.  tiil«'<l  tlu'  \u>]*'  V.  '*  iiu  tu'S  loiij^. 
t  O.'Jll  |>uuii(iK  ur»iili<l  liiU-iif  iUIh  tlu>  lioltlcr,  r»  iiM-hi's  in  UMigtii. 
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d  d  were  douMo  poiiited  ta<*k«  stnrk  into  the  top  of  the  beeswax  and 
paraffin,  and  at  a  aud  <  two  old  Hilt  vr  3-cent  pieces  were  laid  ou  top  of 
the  wax  and  the  paraffin  in  the  cylinder. 

Fig.  4.— Di«|{cam  sbowlnjE  exjwriineDt. 

What  are  we  to  expect!  The  Hilver  pieces  and  tacks  would  fall 
through  the  liquid  waxandjiaraffiii,  and  B  and  C,  if  liquid,  woiUd  mix. 
Nay,  according  to  Spring's  results,  we  shohld  expect  to  find  along  the 
lower  part  of  the  mold  a  semicylindrical  piece  of  an  alloy  of  lead,  anti* 
mouy»  bismath,  possibly  silver  and  iron,  and  above  this  the  mixture  of 
paraffin  and  wax.  T1i«'  a<  tnal  result  was  that  the  substances  all  came 
out  jmt  U4I  they  went  into  theprens,  Thore  was  not  the  slightest  trace  of 
a  tendency  to  flow  on  thepartof  the  metiils;  tlu-  Irad  and  antimony  re- 
mained as  tliey  were,  the  bismnth  ncMd  precisely  an  did  the  antimony 
in  test  TJT.  There  was  no  siffn  of  fnsion  of  the  wax  and  paraffin,  wliich 
Koparated  ou  their  snrfa<  e  ofcontiict  (betweefi  H  and  C)  clear  anddis* 
tinct*  ff,  rf,  an<l  d  ditl  not  sink  to  the  l)ott^>m — on  the  <*ontrary,  they 
retained  their  orijjfinal  positions;  and  the  silver  pieces  were  forced 
airninst  the  fop  of  the  cylinder  so  yxiwerfully  that  their  im])ression  left 
in  the  8te«'l  holilrr  was  easily  s('«'ii  ami  /<•//,  and  tire  pieoes  were  bent 
cylindrical,  fitting  the  inside  of  the  liolder.  lien'  we  lindamnch  greater 
rigidity  of  wax  and  paraffin  under  pressarc  than  ordinarily  sapjiosed 
possible  nndcr  any  circnnistanc**'*. 

Novvlicrc  w'as  there  a  siuii  dt'ti  ue  litpiel'actitiii.  The  wax  and  paraffin 
had  iicted  only  as  vist ous  solids,  and  Howed  only  to  fill  the  available 
opening. 

FIFTH  TmiT. 

In  a  similar  way  tln'  roliowin;;  suhstaiices  were  8nbje<;t<Ml  to  a  pres- 
mire  of  <i,00(>  atniosplicres.  witli  the  results  as  statecl: 

8odintii  rarl»ouate»  dry. — 8tiiok  together  alightly,  roM^mbling  i'U»lk;  etmily  rut  with 

:i  knife, 

Svilium  Hiilphate. — Probably  diMwilveil  iu  it8  wut<?r  of  iTyHtallization  { lOHjO) :  it  was 
forced  out  between  the  hslrelt  of  the  holder  m  a  milky  liquid  whioh  solidified. 
The  little  left  in  the  holder  r«vtemh1ed  purafflti  in  •pppamnce,  bat  noon  weuth- 

en'«l  ton  -vrbitf  powclor. 
7Auv  sulphate  (-fiH^O). — No  ^<iplM  of  fuHion;  iiicrniy  Ktuck  together;  thti  origiuiil 

piei-ea  of  iTystnls  raaily  visible. 
Copper  Mnlpbvte  (+5HjO).—8«ni<*  ai*  xine  NtilphMc. 

SIXTH  IKhT. 

Poti»8Miinii  r  liloriil*'. — ForiiHHl  ii  h;u»l  lump,  wbosr  frarliiir  n*H(<iiibI<-(I  tliiit  of  l«»af 
NHj;:ii  or  tli.if  of  in.irM*^.  with  tli«>  original  rr>s!nl<  x  isiMc;  jif>  trarf  (if  fniiion. 
Hodiuiii  »*h)ori<h».— Siimlar  to  potx-i-sHiiuii  <-hlori«b-. «>iil y  a  little  mon- <M»inp;irt. 
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Aiuniiinium  chluride. — Still  more  compact,  i-eaeiubk-«  vegutable  ivory ;  iiottsibly  the 
hf ginning  of  foeion.  Obaerv«  the  order  of  increMing  effect: 

K(1<NjiC1<NI^C1. 

Slllpiiiir  roll. — (ti'ounil  ami  put  through  a4H-sipve;  tbriiicd  h  iiiirtl. Holid,  liritti«- iiuiks, 
but  the  origiuulgnuu8  were  easily  dii>tuigaitihnbl<s  tliero  beiug  uo  trace  uf  a  true 
liquefaetion. 

sKvsirru  tbht. 

Powdered  glana. — ^No  effect;  ecarcely  coherent. 

Powilere«l  roMin. — Very  good  fuHion. 

PowdtTtMl  linrax. — Arouipact.  <'hj»lk-lik««m:»HH.  nltr/h  1 1  tf  trnuHhicvui  niorrynf  r»lii/alion. 

Powdi'red  zinc  ami  sulphur. — No  truce  ol  lusi«>u  or  rh«'ini(  al  union  uppareui.  Car- 
bon diHiUphide  dissolved  out  tlie  snlphur  so  complctcdy  that  the  remaining  line 
gave  a  mere  trace  of  Rulpbnreted  hydrogen  on  treating  with  hydiochlorie  acid. 
The  sine  was  slightly  eoheient,  but  there  was  no  fusion  and  no  aino  sulphide 
forme*!. 

After  obtainiug  the  above  results  it  scteinuil  U8ele8.s  to  cuutiiiue  this 
line  of  experiments,  ami  preparations  were  mado  to  iis»»  inore  rij^id  stt'f  l, 
by  whicli  it  was  hoped  that  i^rcKsures  of  at  least  10,0<K»  atmosphcn-s 

mijuht  l)e  o!)tain(Ml;  also  lor  makiiijjf  tlio  coinpressions  in  rncno.  Unfor- 
tunately tljiis  tar  nothing  but  preparations  have  Ix'en  maile,  sinr*'  the 
testing;  nia<  hine  is  lve])t  fully  ocenpii'vl  with  Ihr  special  work  of  the 
department  to  which  it  l>eloii<rs.  It  is  hoprd,  however,  that  this  inves- 
tigation will  soon  be  taken  ui»  apiiu  and  carried  to  a  clo^j  till  tbeii 
onr  <M»nchisions  are  only  fcenipcnary. 

The  above  substances  were  a.lso  compressed  by  W,  fciprin^*  in  cm  uu 
with  the  foUowiujif  results: 

Lead. — Perfect  fusion  at  a  ]»re88m  i-  oi'  li.OUO  alntu^pheies.    At  a  prt'ssure  of  5,1100 

atmuspUeref)  it  ruu  out  of  all  thi^  cracks  {ftnttH)  of  the  apparatus. 
Bismnth. — ^A.t  a  prsHsuro  of  6,000  atmospheres^  perfect  fluion. 
Tin.— At  a  pressure  of  3,000  atmospheres.  Ihsion. 

Zinc. — At  a  ]»resHure  of  ,5.()00  atnuisphcrfs.  perfect  fusion. 
Antimony.— At  '.\  preSHure  of  .5,(_H)0  atuiositln  rcs.  1icfj!nniii<r  of  fusion. 
Sulphur,  prismatic. — At  a  pressure  of  r»,(X>u  utuioajihercH.  I'uHion  to  the  oeiahedral 
Ibmi. 

Sulphur,  plastiC'—At  a  ptessnre  »f  6,000  atmospheres,  fusion  to  the  oeuibiMlnil  fivnu. 
Sulphur,  octahedral.— At  a  pressure  of  3,000  atmospheres,  fusion  to  the  octahedral 

form. 

Potassium  •  liit»rnlc. — At  a  j»ruboute  of  o,(X)U  atmospheres,  jicrivct  fusion. 
Sodium  chloride.— At  a  preasure  of  6,000  atmospheres,  perfiaet  fusion. 
Ammonium  chloride.— At  a  pressure  of  4,000  atmospheres,  perfect  fiision. 
Sodium  Kulpliafc  (lOH.O).— At  a  pressure  of  3.000  atniosphercs.  perfectt  fusion. 

Zinc  Hnli)h:ili'  i  TH-O). — A(  a  pre?<sure  of  .">,000  atnio.s]ihercH,  ^»erf<>'  t  f'lmion. 
Copper  sulphate  (DHjO). — At  a  prepare  of  0,000  atmosphcreb,  completely  cry  stal- 
lized. 

Sodinm  carbonate,  ilry.— At  a  prsssnre  of  S,600  atmospheres,  atnck  together  (afjrls- 

iiifi  t'. ) 

Ircliiiiil  spar. — At  a  (iressurc  of  <i.(K)()  atuios|)In'r<  >.  iiii|H  i  fVi  t  fusion, 
liorax  (crystalli/ed). — Al  a  pressure  ot"  7. (NX)  atmospheres,  iuiperfMCi  fuHioii. 
Glsuis  (i>ow«lered.) — At  a  pre-s-sure  of  <»,000  aUmispheres,  no  irHect. 
And  so  on  to  the  end. 

*  HttU.  till  t'Arad.  /toji,  d«  JteUj.,  ISSO.  2i\  m-T„  xu\.   p.  3M. 
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lixceptiug  the  hist  lour  siibstaiH-es  iiieuti<>iied,ouj'  results  arc  due<'tly 
oi)i)osed  to  those  of  Spring,  hut  support  the  criticisms  of  Friedel  and 
Januetaz. 

0ON0LVSION8. 

( "oiu'iusioiis  at  thm  stagfe  of  tlio  investigation  jue  ue«"e.s8arily  prema- 
ture and  trntativej  still  it  may  not  ho  out  of  place  to  summarize  the 
results  of  these  and  other  experinients. 

It  seems  established  that  pressure  alone  can  not  truly  liciuely  a  solid, 
i.  f.,diininisli  its  rigidity.  Consequently,  we  can  scarcely  exjiect  <'hem- 
ical  and  crystalline  changes  by  pressure  alone.  Solids  can  be  made  tu 
tlow  and  act  in  that  resi>ectT  as  litjuids,  by  pressure,  which  overcomes 
the  rigidity  without  diminishing  it.  In  this  case  the  time  allowed  for 
the  motion  is  of  vital  importance. 

Whether  further  investigation  will  alter  these  condnsions  or  not  is  a 
question  of  time;  at  present,  I  believe  than  the  only  trae  «>neB  to  be 
drawn  from  the  available  facte. 
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By  EnoENE  Lommel. 
TiAiulatod  by  William  1{allock. 


One  handled  years  ago,  on  the  16th  of  Mardi;  17SD,  George  Simon 
Ohm  was  bom  at  Brlangen.  His  father  was  a  lock-smith,  an  unusual 
man,  who  trained  both  his  sons  in  mathematics  as  well  as  his  trada 
These  gifted  young  men  were  endowed  by  liim  with  that  thirst  for 
knowledge  which  led  him  to  devote  his  riix^r  years  to  mathematical 
studies.  The  younger  brother,  Martin  Ohm,  became  distinguished  as 
a  mathematician,  and  died  as  pnifessor  of  mathematics  at  the  military 
school  at  Berlin.  George  Simon  Ohm  climbed  to  the  lofty  position  of 
those  rare  men  whose  names  shine  with  everlasting  glory  in  the  history 
of  science,  which  they  have  enriched  with  their  wonderful  discoveries. 

Only  a  few  of  his  contemporaries  could  fully  appreciate  the  unpre- 
tentious scientist,  or  estimate  the  wide  application  of  his  law  of  the  gal- 
Tanic  carrent,  with  the  discovery  of  which  h'm  scientific  career  com- 
menced. In  the  beginning  of  the  century  Volta  had  discovered  his 

pile,"  that  most  marvellous  structure  that  the  keenness  of  the;  human 
mind  ever  devise<l.  From  that  moment  numerous  physicists  ha<l  been 
ceaselessly  active,  investigating  in  every  way  the  wojiderlul  andmani- 
fohl  effects  of  the  electric  current  which  that  pile  produnrd. 

The  d(Hiorapo8ition  of  wati'r  had  been  discovered  in  18<K)  by  Nichol- 
son and  Carlisle.  Twenty  y(;ars  later  th;>  deriection  of  the  magnetic 
needle  was  observer]  by  Oersted.  Therino  elcctricity  was  (liscovere<l  in 
1821  bySeebcck;  eiectro-dynauiie  plieiieiiMMKi .  in  182.'J,  by  Anip«'re.  In 
1821  Schweigger  and  f*oggendorti'  inv»'iil(  il  the  galvaniscope  (**mnlti- 
plicator which  lirst  retulered  possibh'  tlie  aeeiiratc  nieas>n«Mn<'nt  nf 
the  4  111  (  ts  of  the  cm  rent.  The  nniltitndeot  olKservations  l»e»  ;nnc  more 
numerous  in  pro])orti(Mi  as  more  varied  means  of  invcstiirat  ion  hccanie 
avaihil)le.  iS'evertheh  ss  t]i»  y  W4*re  not  able  to  lift  the  mysUTious  veil 
whicli  shrouded  the  woikinj^^s  ot  the  galvanic  cnrnMit.  On  the  con- 
trary, they  seemed  rather  to  increase  the  JJabcl  oi  conllicting  theories. 

We  are  tilled  witli  strange  sensations,  glancing  to  <lay  through  the 
articles  of  that  time  upon  the  galvanic  cnrrent.  We  see  the  most 
exjierienced  investigators  doubiiftlly  groping  in  «iai  kness  where  to-day, 

'  An  .'tddrcfiA  (Irliven  (i  nt  the  ])tibUc  meeting  of  tb«  Koyal  Bavarian  Academy  of 
8ci«iio«tt  of  Munich,  March  2H,  1889. 
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thanks  to  Obm^B  discovery,  all  is  to  us  clear  aud  evideut  The  minor- 
ity of  the  galvanists  of  tiie  day  indeed  seemed  ooiitented  in  the  laby- 
linth  in  which  they  had  involved  themselves.  They  did  not  sdze  the 
thread  of  Ariadne  which  the  shaqvsighted  invest  igator  seized  at  last. 
These  pioneer  services  of  Ohm  at  first  remained  generally  nna^^pieci- 
ated.  Only  individual  physicists,  like  Poggeudorff  and  Sehweigger, 
Pljift'aiid  Fechner,  recognized  theii  great  imi)ortanee,  and  with  success 
in  their  work  used  this  new  (Municiation.  It  required  a  foreign  impulse 
to  win  recojrTiition  in  Germany  for  his  law  of  the  intensity  of  the  eurrent. 
This  hiw  is  alwayn  meant  when  ''Olmi's  law"  is  referr^  to.  Pouillet 
establislied  Ohm's  law  in  France  by  tlie  articles  which  he  published  in 
1831  and  1S37,  live  ami  eleven  years,  respectively,  after  Ohm's  discov- 
ery, lu  spit^e  of  this  fact  Pouillet  believed  himself  the  real  discoverer, 
because  he  had  f(mnd  it  experimeiitall}*.  l*ouillet  believed  that  Ohm 
had  only  dedured  it  mnthematically  from  eertaiu  liypotheticnl  im-misea. 
In  Franee  the  holii-f  arose  that  Ohm  f(Miml  his  law  l»y  simpU-  dedm-tion 
based  u]M»n  an  hypothesis,  and  then  subs('(|uently  verititHl  it  hy  experi- 
ment. This  belicr  i  «'iaains  to  the  ]>i  es»'nt  nny  in  spite  of  Irequeut  con- 
tradictions, it  is  lound  to-day  not  only  in  I  icncli  treatises,  but,  most 
inconceivably,  even  in  widely  nsed  (lernian  text  books.  It  wcnild  thus 
api>ear  by  no  means  snpertluous  to  set  lorlh  the  liistory  «»i  Ohin  s  iiieat 
discovery,  in  its  actnal  courseand  based  ui»on  original  publications. 

Expeviniental  investigation  stri\t*sto  rectignize  a  law  of  naiiue  by 
attemi)tin«;-  to  rstaljlish  the  dependence  of  the  etiect  in  any  natural 
p1ienomeni)u  upon  its  determining  caus<».  Measurements  are  made  lu 
as  many  individual  cases  as  possible.  Then  some  relation  is  sought, 
in  the  shape  of  an  equation,  which  shall  express  this  dependence  aud 
re-produce  all  the  individual  cases  as  a^-curately  as  jKJssible.  In  the 
choice  of  this  e<piation  mistakes  will  occur  whi<*h  can  not  be  immedi- 
ately detected.  The  one  taken  may  sufliciently  conform  to  the  availa- 
ble observations,  wliich  may  embrace  too  Hmall  a  range  of  the  dctermin 
ing  <juantity,  and  may  fail  utterly  when  this  range  is  extended.  Then 
it  can  not  be  looked  upon  as  the  expression  of  the  law  of  nature  sought, 
which  must  cover  all  cases  without  exception. 

Ohm  followed  this  experimental  method  when,  in  1825,  be  tried  to 
establish  the  law  of  conduction.  He  was  at  that  time  a  teacher  in  the 
public  school  (gymnasium)  at  Cologne.  The  experiments  made  for  the 
above  purpose  were  described  in  an  article  entitled  <^  Preliminaty  notice 
of  the  law  according  to  which  metals  conduct  contact  electricity/ 
Schweigger's  Journal^  1826,  vol.  xx.IT.  His  preliminary  notice**  wa' 
too  hasty.  The  formula  which  he  proposed  w  incorrect  It  is: 


wherein  m  aud  a  are  constants,  and  the  loss  of  force  on  introducing  a 
length  of  wire  eipial  to  x.  Ohm  soon  recognized  the  ctiuse  of  this 
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fililure  ill  the  too  limited  range  of  his  experiments  and  io  the  Hactaa- 
tions  in  the  foroe  of  the  galTanic  battery.  Hnch  later  the  inventioii 
of  the  constant  cell  obviated  these  flnctaations. 

In  the  summer  of  the  same  year,  1825,  and  in  the  same  volume  of 
Sehweigger'H  Jimmal,  appears  a  letter  from  Ohm  to  the  editor.  He  says 
in  consequence  of  more  extended  experiments  he  is  moved  to  replace 
his  formula  with  a  new  but  analogous  one.  In  this  the  force  would  only 
vanish  for  ;r  s  « . 

Not  long  after  this,  in  the  spring  of  1836,  vol.  xltv  of  Sehweigger's 
Jimmal  contained  that  wonderftil  pioneer  work  which  contains  the 
experimental  discovery  of  the  law  of  the  intensity  of  the  current.  Its 
title  is:  Determination  of  the  law  according;  to  which  metals  conduct 
contact  electricity,  together  with  the  outlinen  of  a  theory  of  Volta's 
l^paratns  and  the  Sehweigger'H  galvanosco])e.^  In  the  introduction 
to  this  article  Ohm  expresses  tlie  hope  that  lie  in  in  a  ijosition  te 
propose  what  will  appear  to  be  a  true  law  of  nature.  First,  on  account 
of  ito  i>erfect  agreement  with  experimentK  extended  in  all  directions; 
second,  and  eapecially  because  of  its  simplicity  which  extends  it  to  all 
our  ex])erience  with  the  electric  eurreut.  A  simplici^  such  as  is  only 
found  in  truth. 

Tlic  *'flTirtnatioiis  of  force  hnd  disturbed  Ohm  grr;itly  in  liis  former 
experiments,  PoggendorfF suggested  that  hi^shouldusc  a  thcnnn  plfctric 
riistoad  of  a  hydro  trie  batter}'.  This  he  did  and  now  the  law  ap- 
l>ean'd  in  pert**-!  distinctness  trom  his  measurements.  The  inten- 
Hity  of  Ihf  rtrrrnit  is  (lirectly  proportimtal  to  the  exnihuj  forte  and 
inversely  proportionul  to  the  total  reniHtume,  This  he  represent-eil  iuthe 
equation 


<^  wherein  X  is  the  intensity  of  the  magnetic  effect  of  the  conductor 
whose  length  is  a  and  b  represent  constant  (luantities  depending 
npon  the  exciting  force,  and  the  resistance  to  conductivity  of  the  other 

parts  of  tlie  circuit. 

In  this  law  he  held  in  his  hand  the  key  to  the  vjirious  riddles  before 
wliicli  phyj^icists  had  hitln^rto  st<M>d  helpless.  And  indeed  he  knew 
how  to  use  rliat  key!  Farther  on  he  says:  Our  equation  has  now 
sufficiently  establish<Ml  itself  as  the  accei)t<'d  representiitive  of  natur^ 
by  the  coirertness  witli  \vhi<'li  it  always  repeats  the  results  obtained  in 
siitdi  profusion  from  tlie  tin* rmo  electric  batt^jry.  Let  us  follow  it  far- 
ther  and  see  what  it  may  still  liold  conceidrd  in  its  lap." 

OXwii  then  develoi>ed  the  jKM  uiiarities  ol  the  galvanic  bsittery  and 
galvanisf'o[»e,  which  till  then  had  appeared  so  *;ontiise(l  ami  unintelli- 
ble.  And  w©  in  our  text-iioolcs  to  (lay  follow  his  development.  IJub- 
bling  over  with  joy  in  the  feeling  that  he  had  beheld  the  fsice  of  truth, 
he  may  well  feel  a  justifiahlc  i)ridc.  At  th«'  close  of  that  wonderful 
work  he  exclaims:  ''The  thcMiries  t»f  the  batt4.uy  andgalvanisc4)iM;,  here 
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skotehed  in  longli  outline,  are  e^tablisbed  even  better  by  the  tmth  of 
the  law  of  the  conduction  of  the  current  in  metals  here  set  forth,  than 
they  are  by  the  experiments  themsdves  from  which  they  were  derived. 
Effects  of  the  galvanic  current  at>]iarently  the  most  varied  are  reduced 
to  a  striking  simplicity.'' 

What  Ohm  here  and  in  tlie  title  calls  ^  theory  ^  is  limited  to  the  imme- 
diate consequences  of  his  law  determined  iudnctively.  It  has  nothing 
in  method  in  common  with  the  truly  so-called  theoty which  he  pro- 
posed much  later  in  his  iamons  work,  <<The  Galvanic  Battery,"  and 
which  he  evolved  deductively  upon  premises  and  partly  hypothetical 
considerations. 

It  is  hence  perfet^tly  dear  that  Ohm  di^vered  his  law  in  the  pnrdy 
empiricjil  way.  Six  years  later,  October,  1831,  Pouillet  appeared  in 
an  article  on  the  application  of  the  thermal  battery  to  the  detennina- 
tion  of  the  law  of  intensities  in  a  constant  current.  What  Pouillet 
believed  himself  the  first  to  do,  had  already  been  doue  by  Ohm  in  the 
al>ove  article  in  the  most  complete  manner.  Nowhere  in  his  article  is 
there  so  much  as  a  suggestion  of  a  hyjiothetical  consideration  which 
might  have  intiuenced  him  in  the  choice  of  his  mathematical  expression. 
The  fact  above  stated  that  the  fornmla  first  ])ro posed  was  wrong,  aftbrds 
the  most  striking  proof  that  those  theoretical  considerations  which 
eiiiiblcd  him  later  to  deduce  liis  law  mathematically,  were  at  that  time 
(juitc  iciiiotc. 

Oimi's  iKiine  has  beoJi  made  immortal  by  this  typical  exiHTimcTital 
treatise.  It  rontains  the  discovery  of  the  l;iw  of  the  intensity  of  the 
current,  fully  ami  fompli  tcly,  nlotm  with  the  most  importiint  coiiclu- 
sii>us  to  be  de»hu*e<l  I heielioiii.  in  view  of  tliis  inherent  value  it  is 
undoubtedly  to  be  preferred  to  theothcrmost  important  works  olUhm, 
even  to  tliat  one  most  famous  of  all  his  writinus,  The  (xalvunic  Bat* 
ti'iy  Trratcd  MaLhematically,""  which  has  always  held  the  highest  place 
in  public  estimation.  In  that  experimental  investigation  he  robbeil 
nature  of  her  secret  and  announced  that  everlasting  and  immutable 
law  of  nature  which  will  outlive  all  the  variations  of  theoretical  beliefs. 

A  mind  like  that  of  Ohm,  trained  and  aocnstomed  mathematically  to 
inquire  into  the  causes  of  phenomena,  must  soon  have  felt  the  need  of 
showing  that  what  he  had  inductively  recognized  was  deductively  a 
yeeessary  consequent  of  simple  conceptions  as  to  the  way  in  which 
electricity  appears  at  the  ]>oint  of  contact  of  different  substances  and 
<li8seminates  itself  in  conducting  materials.  . 

In  the  same  year  1820  he  published  an  article  entitled:  Attempt  at 
a  theory  of  the  electroscopic  phenomena  produced  by  galvanic  forces." 
He  reports  the  happy  result  of  his  endeavors  in  that  he  not  only  re-dis- 
covered, in  this  opposite  way,  the  experimentally  determined  law  of 
the  intensities  of  current,  but  also  tbund  a  second,  no  less  important, 
the  eiectro8cox>ic  law  or  law  of  tensions. 
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Tills  ('omiuuniciitioii  was  hut  t\iv  i)m  ui  sor  ol*  tliat  <!hissi«^  work  so 
Irequeiitly  refenetl  Ur.  "The  Gulvanif.  liutU'ry  Tresitetl  Matheinjitif- 
ally."  This  he  produced  ia  thecjuiet  of  a  much  needed  vacatiou,  and 
published  iii  May,  1827. 

In  the  introdaction  to  this  article  be  says  his  aim  has  beeu  <<to 
deduce  iu  connected  sequence  and  ftom  a  few  pi-inciples  those  elec- 
trical phenomena  which  are  comprehended  under  the  epithet  galvanic; 
the  piii]K>8e  is  accomplished  if  the  variety  of  facts  is  subordinated  to 
the  simplicity  of  comprehension.''  Indeed  he accom[)lished  his  purpose 
most  completely.  He  extended  to  electrical  conduction  the  ideas  of 
Laplace,  Poissou,  and  especially  Fourier  on  the  conduction  of  heat,  and 
evolved  the  laws  of  the  electric  current  with  the  mathematical  means 
which  those  investigators  had  created  for  their  own  purposes.  This 
thoughtftd  theory  of  Ohm  stands  to-day  unshaken, — a  comi>actly  con- 
structed whole.  In  order  to  bring  it  into  unison  with  the  present  views 
GODceming  electricity  it  is  only  necessary  to.  remark  that  what  Ohm 
calls  electioscopic  force''  or  tension"  is  nothing  but  electrical 
potential. 

The  Laplace-Poisson  eciuation,  wlii<*h  formed  the  basis  of  Ohni'S  de- 
ductions, shows  indeed  tliat  in  a  eonduetor  carrying  constant  electric 
currents,  as  well  as  iu  one  in  electric  equilibrium,  the  free  electricity  is 
all  distributed  on  thesurface.  The  snrfac*;  layer,  however,  in  the  case 
of  the  currents  shows  a  diflerent  distribution  fnnn  that  in  the  condition 
of  equilibrium.  Ohm,  on  the  contrary,  assumed  that  the  free  electricity 
was  spread  over  the  whole  cross  section  of  the  conductor  carrying  the 
current.  Tliis  assiimjition  called  fortli  many  contradictions,  because  it 
\v;(s  sf)  i'ovci'^w  to  the  nature  of  electricity,  liy  removing  this  contra 
<li(  thiu  newer  views,  without  changing  in  the  least  Ohm's  formula  or 
conclusions,  ha  ve  only  served  to  establish  the  theory  all  tin-  more  firmly. 
The  subseciueut  extension  •>("  liis  theory,  by  its  ap[»li«ration  to  conductors 
of  two  and  three  dinu  iiMuiis.  \\  ;is  an  immediiite  i;<'rieralizatio!i  of  his 
method  of  treatment  whicii  Ohm  himself  Ibrcsaw  ;  also,  the  enunciation 
in  tliat  well  digested  work  of  Ohm's  on  the  non-constant  or  charging 
and  discliarging  currents,  stamls  today  in  unchanged  <'oiTectness. 

As  ha>  already  been  enipha.sized,  tlie  first  discovery  of  Ohm's  law  as 
to  the  ititensity  of  current  is  not  c<mtained  in  that  nmster  investiga- 
tion. The  law  previously  disco vertid  and  proven  by  experiment  served 
only  as  the  touchstone  for  the  theory  of  which  it  appeared  to  be  a 
necessary  consequent.  But  the  brilliancy  of  this  theoretical  aoc^m' 
plishment  threw  his  previous  tedious  work  of  empirical  investigation  so 
into  the  shade  that  it  is  partly  conceivable  how  the  belief  arose  tliat 
Obm  mathematically  deduced  his  law  ftom  debatable  hypotheses. 

At  first  Ohm  received  no  recognition  from  even  this  work.  It 
received  no  attention  in  many  circles;  from  many  sides  came  sharp 
critieism;  from  only  a  few  genuine  approval.  His  hopes  of  being  able 
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to  folltiw  an  academic  farcer  "werv  dashed  by  hard  disa])i»ohitiiMMil 
and  he  resigned  his  position  as  teacher  at  the  gymnasium  and  retii^ed, 
disconi  a<r«'<l,  to  private  life.  Tlio  eraniped  position  in  which  he  lunv 
Siiw  himselt'  plncfd  must  l»av<' been  d<'i>ressing  for  his  s])irits.  Still 
this  ]>eriod  nf  six  years  wltifli  f»laps«'d  until  his  ;ipp»iintment  as  ]n<» 
fessor  yf  physics  in  the  polyt4[»clinic  school,  at  Nuit-mlMM  g'.  in  l.s:>;{,  wiis 
not  entirely  barren  for  science.  In  a  s«'iies  nf  article's,  ]mblished 
mostly  in  Schweiggers  Jonnml,  he  furnished  icnt'wcd  experimental 
proof  of  tin'  law  discoveiiMl  by  \i'\u\.  We  find  in  these  teeming  articles 
the  law  of  tlic  In  anehing  of  cm  rents  (Sehweigj^er's  Journal^  1827.  \  ol. 
XLIX);  observations  on  tin-  iluctnations  of  force/' on  tin-  ixialarizt ion 
of  electrodes  and  transition  n'sistaiice.  beside  methods  lor  (ieterniiinu^ 
galv.anicresistanei'  an<l  elcctronioi i\ e  lorce.  An  article  frouj  thispernMl 
is  esjMicially  worthy  <»f  noti<'e  as  a  model  of  experimental  investi^ration. 
entitled  experiments  on  the  mor<'  aceui  atc  comiireliension  oi  niii-i>t>hu 
conductors/'  In  it  he  entirely  explained,  l)y  a  eoaiplete  series  of  well 
chosen  experiments,  the  eni^jmatical  phetiomena  of  so-called  uni-polai- 
amduction. 

The  above- mentioned  article  of  Pouillet,  in  18^57,  and  the  claim  made 
in  eonnectian  with  it,  finally  brought  Ohm's  discovery  to  the  attentiou 
of  physicists  at  home  and  abroad.  Especially  in  England  was  its  for- 
reacliing  importance  immediately  recognized.  The  Boyal  Society^  at 
its  annnal  meeting  of  November  30, 1841,  conferred  ui)ou  the  unassam- 
ing  Oerman  scientist  the  gold  medal  which  (^opley  had  established  as 
a  prize  for  the  most  conspicuous  dimmer)'  in  the  domain  of  exact  inves- 
tigation. The  medal  was  accompanied  by  a  formal  letter  of  presenta- 
tion, which  points  ont  in  strong  terms  Ohm's  services  to  galvanism,  and 
which  is  no  less  an  honor  to  the  learned  society  than  to  the  recipient  of 
the  prize.  Thus  Ohm  received  abroad  the  tardy  recognition  which  his 
'native  land  had  so  long  withheld.  He  gave  touching  expression  to 
his  gratitade  in  the  dedication  of  his  work  Contributions  to  MokM;ular 
Physics''  to  theEoyal  Society  of  Ijondou,  which  by  its  words  of  ap- 
proval had  given  his  eonrage  new  strength  for  continued  strife  in  the 
field  of  science,  weakened  as  it  was  by  previous  discouraging  ex|ieri- 
euces. 

His  creative  renins,  which  seemed  to  lie  fallow dnnug  the  last  years, 
awoke  anew.  Soon  he  was  snceesaful  in  a  mm  oiuI  threat  venture,  this 
time  in  the  tield  of  accmstics,  (upon  which  he  had  entered  in  1839,)  in  a 

Note  on  Combination  Tones.''  In  his  article  ''On  the  Detinition  of 
Tone  and  a  (^imseipient Theory  oi  tin*  Siren  and  Similar  Trnie-l*ro<lucingf 
Apparatus,"  he  established,  in  is  the  law  of  acousth's  also  known 
by  his  innne.  Inasnineh  ;»s  this  law  liiniislies  the  cleai*est  insijjht  into 
the  hitherto  inconi|ireliensihle  natnre  <>i'  ninsieal  tones,  it  dominates 
the  aeonsties  ol'  t«t  d;i\'  rm  l«  s.s  conij»l<'tt'lv  t)i;m  does  1>i?i  l^^v  «»f  the 
electric  current  domijuile  ihe  s4-ieuee  ot  electricity.   Tliis  law  states 
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that  ilie  huiiiiin  (Mir  perceives  onlypejidulum-like  vibration  an  a  simple 
tone.  Mvery  other  periodic  motioti  it  resolves  into  a  collection  of 
peudulum-like  vibrations  which  it  then  hears  in  the  sound  as  a  series 
of  single  tones,  ftindamental  and  overtones.  Ohm  arrived  at  this  law 
from  mathematical  considerations,  making  use  of  Fonrier's  series;  for 
its  experimental  verification  he  was  cHimpelled  to  nse  the  well-calti< 
vated  ear  of  a  friend,  inasmuch  as  he  was  himself  entirely  devoid  of 
musical  ear. 

Like  his  law  of  the  cnrtent,  this  law  of  aooustii«  received  no  recog- 
nition from  his  contemporaries.  It  was,  in  fact,  opposed  by  Seebeefc, 
one  of  the  most  prominent  investigators  in  that  iield,  as  being  an  idea 
too  foreign  to  the  accustomed  method  of  presentation.  This  law  of 
Olim  was  not  accepted  until  Helmholtz  fhmished  the  exjierimental 
means  which  enables  every  even  unskiUed  ear  to  resolve  a  sound  into 
its  simple  partial  t<>nes;  and  oij^ht  years  aft^^r  Ohnrs  death  eonipletely 
re vohit ionized  a4 onstics  amd  the  theory  of  nmsic  by  tliat  classic  work, 
^^The  Science  of  the  Perception  of  Sonnd,'^  wliich  is  baaed  on  Ohm's 
law. 

In  whih'  Ohm  was  writing  the  appendix  to  his  work,  "The 
Galvanic  Battery,''  certain  ideas  in  regard  to  the  ultiuiate  .structiue  of 
matter  were  forced  npon  hiui.  There  are  properties  of  si)ace  tilling 
matter  which  we  are  a<"custonied  to  look  Ti]»f)n  as  belonging?  it. 
There  are  other  ]no]M'rt.ics  which  heretofore  \vc  were  inclined  1r>  look 
upon  as  tlie  visitors  of  mutter  which  abide  with  it  from  time  to  tinie. 
For  tlu'sr  ]n'o|tert  i«'s  man  has  thonj^ht  out  causes  if  not  foreign,  at 
least  not  lunati',  and  tlu  v  ]»ass  as  immaterial  and  yet  independent 
thin^r?^  of  ijatnr*',  under  the  names  ol  liirht,  heat,  electricity,  eti*.  It 
mu8t  Ix'  possible  t<»  so  coiu'cive  the  strnctnie  of  plivsical  ]>odie8  that 
alon^  with  the  properties  of  thr  tirst  class,  at  the  same  lime  and  neces- 
sarily those  of  the  seroiid  shall  1)c  given.''  This  thonght  appears  to 
have  been  sujjgested  by  his  broadly  desiffne<l  plan  of  *" Contributions 
Molecnhir  Pljysies.'''  The  reco^niition  of  the  Royal  So<  icty  jxave  him 
new  eoiuage  for  the  carrying;  out  of  this  work,  bnt  nnfortnnately  it 
remains  nntinished.  Ilis  intention  appears  to  have  been,  from  certain 
detinite  assumptions  <M)ncernin;;the  nature,  form,  size,  and  mode  of  action 
of  the  atom,  to  deduce,  by  the  aid  of  analytical  mechanics,  all  the  phe- 
nomena above  relbrreil  to.  He  desired  to  create  a  work  that  should  be 
for  the  microcosm  of  the  world  of  atoms,  what  Newton's  *^  Prineipia  ^ 
had  become  for  the  microcosm  of  heavenly  space.  Only  the  first  vol- 
ume apiK^ared.  It  was  entitled  *^  Elements  of  Analytical  Geometry  of 
Space  on  a  System  of  Oblique  Co  ordinates,"  and  contained  only  the 
mathematical  introductin  to  the  actual  problem.  A  second  volume  was 
to  have  contained  "  the  dynamics  of  the  structures  of  bodies,"  and  a  third 
and  fourth  to  be  devoted  to  the  physical  investigation  itself. 

Toward  the  end  of  1849,  in  the  midst  of  eager  work  upon  his  great 
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task,  lie  was  rallrd  to  Muiiioli  as  ciinitor  of  tin'  rnathcmatirnl  and 
jihvHical  <*oJle<  tioii  of  the  Kuyal  At'ademy  of  »Scieii<  <'s.  lh>  wjis  alnttf^ 
be  adviser  of  the  ininiHtei-ial  ilirrctor  of  toh'jp'aphs,  and  was  <»l)li;;ed  to 
leeture  on  matheiuatics  ami  physies  as  professor  at  the  university* 
Thus  for  tlie  man  of  si.\l\  tin-  drsireof  his  youtli  was  tardily  fulfilled,  too 
tardily  and  hence  scnn-ely  t<>  tin-  bciietitof  seien<*e.  The  maiiiloUl  duties 
of  his  now  sphere  of  activity  prevented  the  eornjili  t it>ii  nt  liis  j^jreat 
w<nk,  and  robbed  posterity  of  tlie  legacy  whicli  Ohm  liad  iiitended  to 
leave  it  from  the  ri<'h  tn  asures  of  his  thoughts.  However,  it  is  by  no 
means  true  that  this  period  at  Munich  wa«  entirely  witliout  gain  for 
science.  Optics  had  always  been  a  pet  object  of  Ids  artivity.  In  1S4<> 
in  I^ofjgeiidinti's  ylHw/f/tw,  vol.  XLix,  he  published  a  *•  Descripti«»n  of  some 
simj>le  and  easily  managed  arrangements  for  making  the  experiun  ui 
of  the  interference  of  light."  In  it  he  showed  how  French  interference 
prisms  wbicli  worked  very  well  coaldbe  made  from  common  plate  glass; 
indeed,  how  a  simple  Rtrip  from  the  edge  of  a  piece  of  plate  glasg  could 
be  used  for  the  ])urpo8e.  In  1852  and  1853  in  his  great  work,  '^Expla- 
nation  of  all  perceivable  interference  phenomena  of  plates  of  miaxial 
crystals  in  plane-polarised  Ught^^heset  himself  the  task  of  develop- 
ing  in  ft  most  general  way  than  had  been  done,  the  theory  of  them 
phenomena  so  rich  in  form  and  color.  He  arrived  at  a  formula  of  great 
simplicity  and  beauty,  and  which  covered  all  the  individaal  colors. 
This  work  has  many  points  in  common  with  one  by  Prof.  Bangberg 
of  Ohristiania,  published  complete  in  Norwegian  in  1841,  in  the  *^Ma- 
gazin  for  Naturvidenskabeme"  (natural  sciences),  and  abstracted  uilSI2 
in  the  first  extra  volume  (ErgSnzungsband)  of  PoggendorfTs  AnnaUn* 
The  title  of  Sangberg^s  work  was,  Analysis  of  the  isochromatic  eorves 
and  the  interference  phenomena  in  combined  miaxial  crystals.^  Ohm 
first  learned  of  this  work  atlter  tbe  completion  of  his  own,  w1ii<  h  wan, 
however,  by  no  nicans  rendered  superfluous  by  SangbergV.  1  lie  phe- 
nomena of  elliptical  interference  rings  which  had  led  Ohm  to  his  inveti!* 
tigation,  had  also  been  observed  at  the  same  time  by  fSangberg. 

Among  the  causes  whicli  preventetl  Ohm  from  continniTig  and  com- 
pleting his  molecular  physics  was  the  writing  of  a  text-book  of  physics 
for  his  students.  In  sj)ite  of  the  aversion  always  felt  to  workini:  otif 
a  t«'\t  })(>ok,"  he  still  felt  impelled  to  Hie  work  by  having  accepted  tiir 
j)o.sitioii  of  iTistnicto) .  lie  accom])lisli(*d  tiie  speedy  coni])letion  jif  tins 
thorough! V  oi  inrinul  \v()rk  by  lithograjiliing  his  lecturrs  as  last  as  tlicy 
were  deliM-rrd  and  uiviiig  roj)ies  lo  his  classes.  Tlie  strain  «'aii>«'d  by 
so  quick  an  aicomplislimciit  of  so  ditlicult  a  task  had  a  bad  ellecl  u}M»n 
his  health,  as  he  sadly  ai  kuow  lt'dges  at  the  close  ot  the  preface  of  his 
textbook  (HastiT.  l>»Vi).  One  other  expression  in  the  text  of  the  l>ook 
dimly  snggt'sts  his  iceling  that  his  streiigtli  wase\]>einled.  As  a  resull 
of  repeati'd  attacks  of  epilepsy,  on  .Inly  (»,  18.54,110  yielded  up  that  life 
wliieh  to  its  last  breath  was  de\oted  hi  the  search  after  truth. 
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have  thus  far  striken  ti)  srt  Coi  tli  hi  hasty  outline  what  Ohm  has 
been  to  scifMiee,  without  uieiiti<Hiirij(  more  of  the  other  drcnmstaiices  of 
hi.s  litV  than  were  necessary  to  an  TiTiderstarnlinfr  of  his  scientific  serv- 
ices. This  has  seemed  permissible  bet':ni>?<\  un  the  one  hnnd,Laniont  in 
is.M  delivered  from  this  place  an  a<Idiess  whicli  also  i overed  the  bio- 
^i  .ijthical  points  of  his  career.  On  the  other  liand,  another  member  of 
our  academy,  Trivy  <  oiiiu'ilor  \  liauernfeind,  a  pupil  and  friend  of 
the  one  imnioitalized,  ui  ••Memorial  a<ldresiiou  Ohui.i  iie  physicist," 
has  jjixeu  us  a  complete  jn  esentatiou  of  the  life  of  his  teacher,  drawu 
from  reliable  sources  and  trom  jK-rsimal  acquaintuu<  i'. 

The  deeds  of  a  scientist  are  hisscientitic  investijyations.  Truth  once 
discovered  does  not  remain  shut  up  iu  the  study  or  the  laboratory. 
Wlien  the  moment  comes  it  bursts  its  iimtow  bonds  and  joins  the ([uick 
pulse  of  life.  That  which  has  been  discoveTed  in  solitude,  in  the 
nnselflsb  straggle  for  knowledge,  in  pure  love  of  science,  is  often 
fated  to  be  the  mighty  lever  to  advance  the  culture  of  our  race.  When 
nearly  a  hundred  years  ago  Ualvani  saw  the  fh)g*s  leg  twitch  under 
the  influence  of  two  metals  touching,  who  could  have  suspected  that 
the  force  of  nature  which  caused  those  twitchings  would  transfer  the 
thoughts  of  man  to  far  distant  lands,  with  ligbtning^s  speed,  under  the 
the  waters  of  the  ocean — ^would  even  render  audible  at  a  distance  the 
sound  of  the  spoken  word!  That  this  force  of  nature — after  man  by 
ceaseless  investigation  had  learned  to  vastly  increaM)  its  strength — 
would  illuminate  our  nights  like  the  sun !  This  enormous  development 
of  electro- technology,  which  we  have  followed  with,  amazement  in  the 
last  de<>ades>  <>ouId  only  be  accomplished  upon  the  firm  foundation  of 
Ohm's  law.  For  only  he  can  govern  a  force  of  nature  who  has  mastered 
Its  law.  Ohm  by  wrest  in  from  nature  her  long  concealed  secret  has 
]dace.d  the  scepter  of  this  dominion  in  the  hand  of  the  present. 

This  great  service  of  Ohm  and  the  fundamental  importance  of  his 
law,  as  well  for  the  science  as  for  the  technology  of  electricity,  are  to-day 
generally  recognized.  In  order  jiermanently  to  honor  his  memory,  the 
international  eongivssof  ele<*tricians,  assembled  at  Paris  in  1S81,  deter 
mined  to  call  "an  ohm'''  the  unit  of  resistance  to  conduction,  then  fixed 
and  now  generally  accepted,  after  tlie  »mme  ofliim  who  intrmluced  this 
important  conception  into  the  seicnec  and  teclmold^'^y  of  electricity. 
Thus  it  hai)pens  tliat  the  name  (d' the  modest  scientist  who  never  strove 
for  show  or  glory  is  to-day  up(m  the  lips  »»f  the  thousands  who  are  busy 
iu  oui"  highly  developt'd  electro-teclini<  ;il  in(lnstri<*s. 

Although  this  icleal  monnnirnt  is  the  most  beautiful  and  tli<»  most 
lasting,  \('t  the  duty  of  gruiitude  seems  to  urge  that  posicrit.N.  \\  lii<  li 
has  gathered  the  rich  fruit  of  his  industry  as  an  invt'stigator,  should 
also  honor  the  memory  ot'tlie  great  physicist  wit li  :i  visible  monument. 

This  idea  M  as  suggi  .sti  d  by  the  humlredth  (iini \  ersary  of  Ohm\s 
birth,  which  we  are  to  day  tardily  c'clebrating.    In  order  to  carry  it 
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out,  a  ronimitttM'  was  formed  for  the  eieetiou  of  jiu  Obtii  stiituc  in 
Mauicli,  the  capital  of  liis  more  particular  fatlierlaiid,  where  in  tli6 
evening  of  his  life,  atter  loug  waiting,  he  found  a  sphere  of  activity 
worthy  of  hiuiseif. 

Our  snjjjjestiou  foiiml  lively  ji]>i)rovM!  'hhI  active  furtherance  not 
only  within  the  boundaries  of  the  Germau  Empire,  but  far  out  beyond. 
Thus  we  may  hope  at  no  distant  time  there  will  arise  in  our  capital  a 
worthy  monument,  a  visible  witness  of  the  «rlor>'  of  our  g^reat  country- 
man, a  witnesa  also  of  the  spontaneous  gratitude  of  the  nations. 
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JoVi«nT»JLTSTU«  VON  LIEBIG, 

AN  AUT0BI06BAPH1CAL  SKETCH.* 


TrsDHlttted  froia  th«  Q«nnaiif  by  Prof.  J.  Campbsll  BRowx.t 


My  i'atlier,  who  liad  ;i  color  ware  house,  frefiuently  occiipietl  liiuiself 
in  making"  .Home  (if  the  colors  in  wliicli  In-  dealt,  and  for  that  purpose 
had  fittetl  ui)  for  liimself  a  small  laboratory  to  which  I  had  access,  and 
where  I  sometimes  enjoyed  tin*  privilejre  of  helping  him.  lie  made  his 
rxp«"i  iimMit8  as  prescribed  in  works  u(Mm  chemistry,  wliich  were,  with 
great  liberality,  lent  to  the  inhabitants  of  Darmstadt  from  the  rich 
oonrt  library. 

The  lively  interest  whicrh  I  took  in  my  father's  labors  naturally  led 
me  to  read  the  books  which  j^uidt'd  liini  iu  his  exi>eriments,  and  such  a 
passion  for  thest-  books  was  gradually  developed  in  nie  that  I  became 
indifferent  to  everj'  other  thing  that  ordinarily  attracts  children.  Since 

^Kead  at  a  joint  muetin^  of  Hocietim  hi  tin*  rlieiiii«ral  laboratories,  I'nivcrHitj  Col- 
lege. I.ivorpool,  on  Wedm'Hday  eveniiii;,  March  IS,  by  Prof,  J,  Cuiiipboll  Itrown, 
D.  Sc.  (From  The  Chemical  .Vcifw,  .luinj  5  and  12, 1891;  vol.  ucni,  pp.  265-267  aud 
370-278.) 

i  [At  fbe  Mcetit  calebiwtiou  of  the  jubilee  or  the  Chemioal  Sooieiy,  reference  was 
made  to  the  Avonderfkl  energy  and  ability  of  Liebig;  to  thr  •in  af  Avrnk  whieli  he 
did  in  f<iiui<nn<_f  orpjiuii**  f lirniistrv,  and  to  the  immen»o  Mtimiilus  whit  li  In-  gave, 
alike  ID  his  ow  n  country  and  in  England,  to  iscicntilic  investigation  iupure  cUemUtry 
aud  in  its  applications  to  agriculture,  physiology,  and  pathcdogy. 

Vety  oppoitanely  a  portion  of  an  autobiographical  aketeh  in  Liebig's  own  hand- 
writing haA  jnHt  come 'to  light,  in  which  he  ^  i  ^  .  a  most  intereatiog  account  «>f  the 
formatioti  of  his  li;i1»iTH  of  tli<>ii;,'ht,  and  ofrl  r  lievclopment  <vf  Ijis  scicntifK-  activity. 
He  al84>  givm  an  aumtiing  dcNcriptiou  ol  (  lie  lectures  given  iu  hi^  Htudent  days  by 
profe^ors  of  the  <lcductive  method. 

In  hb  aixtieth  year,  we  are  told,  Liebig  wrote  Home  biographieal  sketches  whl«]i 
were  Iftid  aside  and  could  not  be  found  when  he  wiiibed  to  resume  them.  They 
were  never  iinished.  A  ymrijou  of  thw  mann8rri]it  was  fimnd  among  Home  other 
papers  in  Lichig'a  handwriting,  by  hia  son,  Dr.  Gt or;;  Haron  \  on  Liebi};.  anil  has 
lH*en  publUhetl  by  the  latter  iu  the  DcutHi-hr  J{nml*ic)utii  for  .jiinuary,  is.m.  Mr.  E. 
K.  Muspratt  hiia  been  good  enough  to  lend  uie  a  eopy  which  he  received  from  his 
friend,  the  present  baron. 

!  havp  endeavored  to  reudt-r  it  into  English  aslitcrally  as  the  difference  iu  the  idiom 
and  niiidea  of  exprettsion  in  the  two  !anguujrc«  will  permit;  aud  it  is  now  made 
X>iiblic  in  Kuglaud  by  the  kintl  permission  of  the  ihuteche  liiindacluiu. 

His  method  of  teadiing  and  its  remarkalde  suoceas  are  worthy  of  attention  at  the 
ptesent  time,  when  technical  ediicatioo  is  occopying  so  mnch  of  the  public  mind.] 

H,  Jlis.  334,  pt  1  n  aBlDigitized  by  Google 


258 


JUSTUS  VON  LIEBIU. 


I  did  not  fail  to  fetcli  tlie  bookH  finom  the  t^iirt  library  myself^  I  became 
acjquainted  witli  tliv  libnu-iaiiy  H6hk,  who  oci^apied  himself  miccessAilly 
with  bot-AJiy,  and  as  he  took  a  fancy  to  th«  little  fellow,  I  got,  tlirougli 
him,  all  tlie  bookH  I  conld  desire  for  niy  own  um*.  Of  course  the  n*acl- 
ing  of  IxNiks  went  on  without  any  systein.  I  read  the  bookft  Just  as 
they  Ktood  ujion  tlie  shdvoK,  whether  from  below  upwards  or  from 
riglit  to  left  was  all  the  same  ti>  me;  my  14-year-old  head  was  like  an 
oKtrich  stomach  for  tlieir  contents,  and  amongst  them  I  found  side  by 
side  upou  the  shelves  the  thirty>two  volumes  of  Macquer's  Chemical 
Dictionary,'^  Basil  Valentine's  '^Triumphal  Oar  of  Antimony,"  Stahl's 
*<Phlogistic  ('hfiiiistry,"  tlionsaiids  of  essays  and  treatises  inGottling'a 
and  Gelilen's  pei'iodicals,  the  works  of  Kirwau,  C^>avendishy  et<-. 

I  am  quite  siii'<>  that  this  manner  of  reading  was  of  no  particular  use 
so  far  as  actiuisirion  of  exact  knowled^^e  is  4  0ueerued,  but  it  develope<l 
in  me  the  faculty,  which  is  peenliar  to  chemists  more  than  to  other 
natural  philosophers,  of  tli  in  king  in  tennn  of  ])lienomena;  it  ia  not  veiy 
easy  to  give  a  clear  idea  of  phenomena  to  anyone  who  can  not  re<*nll  in 
bis  imajfination  a  mental  picture  <>f  what  he  sees  aiul  hears. — like  the 
piM't  and  artist,  tor  exanjj)h'.  Most  closely  nkin  is  the  pe<  u]i;ir  |M»wer 
of  the  !iinsi<'ian.  who  while  connxisinu'  thinks  in  tones  whirh  aic  a8 
much  connected  by  laws  as  the  lo^iically  air:in;^»'(l  conceptions  in  a 
conclusion  or  series  of  conclusions.  Tlicrc  is  in  tlie  chemist  a  form  of 
thought  by  which  all  ideas  becoim-  visible  ti»  the  iniiid  as  the  stiains  of 
an  inuigined  jnece <d' musi<*.  This  idini  (»l  tliou^iiii  is  developed  in  Fara- 
day in  the  highest  de«rree.  whence  ii  arises  that  to  one  who  is  not  ae- 
<|nainte<l  with  this  method  ol  Ihinkiuf:,  his  scientiti<'  works  seembaiTeii 
and  iliy,  and  merely  a  scri<'s  of  r(^searches  strung  together,  while  his 
oral  discourse  when  he  teaches  or  «*xplains  is  intellectual^  elegant,  and 
of  wonderful  <  leai  iiess. 

The  fiw  ulty  of  thinking  in  phenomena  can  only  be  cultivatt'd  it  the 
mind  is  constantly  trained,  and  this  was  eflPected  in  my  case  by  my  en- 
deavoring to  perform,  so  far  as  my  mcaurt  would  allow  me,  all  the  ex- 
periments whose  dewiription  I  read  in  the  books.  These  means  were 
very  limiteil,  and  bem;e  it  nnwe  that,  in  order  to  satisfy  niy  inclinatioti| 
I  re])eat(Hl  such  experiments  as  1  was  able  to  make,  a  countless  number 
of  times,  until  I  e^iscil  to  see  anything  new  in  the  prmwss,  or  tUl  I 
knew  thoroughly  every  a^^iKH't  of  the  phenomenon  which  presented 
itself.  The  natimil  eonseciuencu  of  tliis  was  the  development  of  a 
memory  of  the  sense,  that  is  to  say  of  the  sight,  a  clear  perception  of 
the  resemblances  or  differences  of  things  or  of  phenomenal  which  after- 
wards stood  me  in  good  stead. 

One  will  easily  understand  this  if  one  imagines,  for  instance,  a  white 
or  colored  precipitate  which  is  produced  by  mixing  two  liqnidsj  it  ia 
formed  either  at  once  or  after  some  time,  it  is  cloudy  or  of  a  cuidy  or 
gelatinous  character,  sandy  or  crystalline,  dull  or  bright,  it  deposits 
eaaUy  or  slowly ,  etc.  5  or  if  it  is  colored  it  has  a  cerliuu  tint  Among 
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the  <*<miiM«8«  whit<^  ])nM*ii)itaU?s  ejMili  has  Boiiietliiii^  peculiar  to  itsolf; 
and  wlit'ii  OHO  has  r\|Kn'i(Mico  in  this  sortof  sippoaranccM,  whatcx ci- miki 
sees  tluriiii;  an  invest  i<:;itioti  at  oiu-e  awaktuis  the  refiHMnhraiu  o  of  what 
one  has  seen.  The  loilowin*,'-  r'\aniple  will  make  cleai  what  J  mean  by 
sight  or  eye  memory.  During  our  Joint  research  on  iirh*  acid,  Woliler 
one  day  sent  me  a  erystalline  body  which  he  had  obtained  by  the  a<'tiou 
of  peroxide  of  h'ad  uiM>n  this  im'ul.  I  imnu'diately  tliereuixm  wrote  to 
him  with  great  Joy,  and,  without  having  analyzed  the  lK)dy,  that  it  was 
allaotoin.  Seven  years  before  I  had  liad  this  body  in  my  bauds;  it  had 
beeo  sent  to  me  by  C.  Qmeliii  for  investigatioD,  aud  I  had  published 
an  analysis  of  it  in  Poggendorff's  AnwUm^  since  that  time  I  had  not 
seen  it  again.  But  when  we  had  analyzed  the  substance  obtained  fi-om 
uric  acid  there  apiteared  a  difference  in  the  amount  of  carbon,  the  Tiew 
body  gave  1^  i>er  cent  carbon  less,  and  since  the  nitrogen  had  been 
determined  by  the  qualitative  method  a  corresponding  quantity  (4  per 
cent)  of  nitrogen  more;  consequently  it  could  not  ixmsibly  be  allantoin. 
However,  I  trusted  my  eye  memory  more  than  my  analysis,  and  was 
quite  sure  that  it  was  allantoin,  and  the  thing  now  to  be  done  was  to 
find  the  remains  of  the  substance  previously  analyzed  in  order  to 
analyze  it  afiresh.  I  could  desctribe  the  little  glass  in  which  it  was  with 
such  preeision  that  my  assistant  at  last  succeeded  in  picking  it  out  from 
amongst  a  couple  of  thousand  other  preparations.  It  looked  exactly 
like  our  new  body,  except  that  examination  under  the  h'ns  showed  that 
Gmelin,  in  the  preparation  of  his  allantoin,  ha<l  purified  it  with  animal 
ritavroal,  some  of  which  having  passed  through  the  paper  in  the  filtra* 
tion  had  become  mixed  with  the  crystals. 

Without  the  complete  conviction  which  I  had  that  the  two  bodies 
were  identical,  the  allantoin  produced  artiticially  from  uric  acid  would 
undoiibtetlly  have  been  regarded  as  a  new  body,  and  would  have  been 
ib'sijniated  by  a  im'w  name,  and  one  of  the  most  interesting  relations 
ot  uric  acid  t<»  oim;  of  the  «'<Mist itiienis  of  (he  mine  of  the  fo*tu8  of 
the  cow  would  jM'i  liai)s  have  renniinrd  for  a  lon^'  time  unobser\'(M|. 

In  this  manner  it  ciinie  to  pass  that  everything  i  siiw  remained  in t^iu 
tionally  or  uninte!)tionally  fixed  in  Jiiy  irtemory  with  equal  ])boro<;riiphic 
fidelity.  At  a  neighboring  soap  Ixtiler's  I  saw  the  process  ol' boiling 
t^oap,  and  learned  what  **curd  S(tap"  and  ''litting"  are,  and  how  wliite 
»o!ip  is  made;  aud  1  lia<l  no  little  pleasure  when  1  succeeded  in  showing 
a  piece  of  soap  of  my  own  making,  i)erfumed  with  oil  of  turpentine. 
In  the  workshop  of  the  tanner  and  dyer,  the  smith  and  brass  ftmndei*, 
I  was  at  home  and  ready  to  do  any  hand's  turn. 

In  the  market  at  Darmstadt  I  watched  how  a  p(>ripatetic  dealer  in 
odds  and  ends  made  fhlmiuoting  silver  for  his  pea-crackers.  I  observed 
the  red  vapors  which  were  formed  when  he  dissolved  his  silver,  and 
fbat  he  added  to  it  nitric  add;  and  then  a  liquid  which  smelled  of 
brandy^  and  with  which  he  cleaned  durty  coat  collars  for  tlie  people. 

With  this  bent  of  mind  it  is  easy  to  understand  tluit  luy  position  at 
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school  was  very  deplorable;  I  liad  no  ear  memory,  mid  retained  nothing 
or  very  little  of  what  is  learned  through  this  sense;  I  fonnd  myself  in 
the  most  uncomfortable  position  in  which  a  boy  could  possibly  be; 
languages  and  everything  that  is  ac«iuiied  by  their  means,  that  gains 
praise  and  honor  in  the  school  were  out  of  my  reach;  and  when  the 
venerable  rector  of  the  gynmasium  (Zimmermann),  on  one  occasion  of 
his  examination  of  my  class,  came  to  mo  and  made  a  most  cutting 
remonstrance  with  mo  for  my  want  of  diligence,  how  I  was  the  plagiie 
of  my  teachers  and  the  sorrow  of  my  parents,  and  what  did  I  think 
was  to  biHjonie  of  lur,  :iinl  wlieu  I  answere<l  him  that  I  would  boa 
chemist,  the  \s iiolo  scliool  and  the  good  old  man  himself  broke  int4»  an 
uncoutrolls^ie  tit  of  laughter,  for  no  one  at  the  time  had  any  idea  that 
chemistry  was  a  thing  that  could  be  studied. 

Since  tlie  onlinary  crareer  of  a  gyn»nasiu!u  student  was  not  o])en  to 
nu^,  my  father  took  me  to  an  apotheciiry  at  ireppenljcim,  in  the  ilessiau 
liergstrasse ;  but  at  the  end  of  ten  months  lie  was  so  tiro<l  of  nu^  that 
he  sent  Tue  home  airniii  to  my  lather,  i  wishe<l  lo  1k>  a  cliemist,  but 
not  a  druggist.  Tiie  ten  moiitli'^  sutlieed  to  in  il.t  me  completely 
a<  (iUHinted  alike  with  tlie  use  and  the  manifohl  appheations  of  the 
thousand  and  one  difl'creut  things  which  are  found  in  a  druggist's 
shoj). 

Left  to  myself  in  tin's  way,  without  advice  and  direction,  I  ronii>leted 
my  sixteenth  year,  ami  my  persistent  iuiportnniiy  at  last  induced  my 
father  to  give  me  ]»crniissiuu  to  go  to  the  University  of  Boim;  whence 
1  followed  to  Krlangcn  the  professor  of  chemistry,  Ka,stner,  who  had 
been  called  to  tlie  Bavarian  University.  There  arose  at  that  time  at 
the  newly-established  V'niversity  of  Bonn  an  extraordinary  quicki  niug 
of  t;cientific  life:  but  the  degenerate  philoso])hical  methods  of  investi 
gat  ion,  as  they  had  been  embodied  in  Olseu,  and  still  worse  in  Wil- 
brand,  had  a  most  peniicions  influence  on  the  branches  of  natural 
science,  for  it  had  led  alike  in  lecture  and  in  study  to  a  want  of  appre- 
ciation of  exi)eriment  and  of  unpr(>Judiced  observation  of  nature,  which 
was  ruinous  to  many  talented  young  men. 

From  the  professional  chair  the  pupil  received  an  abundance  of 
ingenious  contemplations;  but,  bodiless  as  they  were,  nothing  could  be 
made  of  them. 

The  lectures  of  Kastner,  who  was  considered  a  most  eminent  chem- 
ist, were  without  order,  illogical,  and  arranged  just  like  the  jumble  of 
knowledge  which  I  carried  about  in  my  head.  The  relations  which  he 
discovered  between  phenomena  were  somewhat  after  the  following 
pattern : 

"The  iutiucMice  of  the  mocui  ui>on  the  rain  in  clear,  for  as  soon  as  the 
moon  is  visible  tin-  thunder-storm  ceases,"  or  "the  influence  of  the 
sun^s  rays  on  water  is  shown  by  the  rise  (»f  the  w  ater  in  the  shafts  of 
mines,  some  o(  which  can  not  be  worked  in  the  height  of  sunnner.*' 
That  wo  see  the  moon  when  the  thunderstorm  is  dispelled,  and  that 
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the  water  rises  in  the  mine  when  the  bruoks  which  drive  the  pumps 
dry  up  in  Humuier,  wiiis,  of  course,  too  blunt  ait  explanatiou  for  a  clever 
leetare. 

It  was  then  a  very  wretched  time  for  chemistry  in  (Germany.  At  most 
of  the  aniversittes  there  was  no  special  chair  for  cliemistr>';  it  was  gen- 
erally handed  over  to  tlie  professor  of  medicine,  who  taught  it,  as  much 
as  he  knew  of  it,  and  that  was  little  enough,  along  with  the  branches 
of  toxicology,  pharmacology,  materia  medica,  practical  medicine,  and 
pharmacy. 

Many  years  after  this  in  Giessen,  descriptive  and  comparative  anat- 
omy, physiology,  zoology,  natural  history,  and  botany  were  in  one 
single  hand. 

While  the  labors  of  the  great  Swedish  chemist,  the  English  and 
French  natural  philosophers,  Humphry  Davy,  WoUaston,  Biot,  Arago, 
Frennel,  Thenard,  and  Dulong  opened  up  entirely  now  Hphere«*  of  inves* 
tigation,  all  these  inestiuiaine  acquisitions  found  no  8oiI  in  (rcnnuijy 
where  they  couhl  hear  fruit.  JU>ng  years  of  war  had  undermined  the 
well-bein^  of  the  ))eoi>h>,  and  external  political  i)re.ssure  hiul  brought 
in  its  train  the  desolation  of  our  aniversities,  flUed  men  with  painful 
anxiety  for  numy  years,  and  turned  tln  ir  desires  and  their  streufifth  in 
other  <lir(M*tions.  The  national  spirit  had  assert<'d  its  freedom  and 
indepeiiilriHc  in  ideal  ?<pliores,  jitiil  by  the  destrnction  of  h«»lit'f  in 
autltoi  ity  iia<l  l)ron<;lit  rich  ble.ssiii<^s  in  !na!iy  ways, — for  example,  in 
me^liiane.  and  pliilosophy :  only  in  physiolo<ry  it  liad  bmken  through  ; 
its  natural  linuts  and  waiidcuMl  tar  lieyon*!  experience. 

The  i;oal  of  science  and  the  fact  tliat  it  lias  value  only  wiien  it  is  use- 
ful t4)  life  Inul  almost  dropped  outof  si^ht,  ami  men  amused  themselves 
in  an  ideal  world  which  luid  no  connection  with  tlu'  real  one.  It  was 
considered  an  altnost  debasin^;^  sent  inient,  and  one  unworthy  ofan  cdu- 
eated  pers*>ii,  in  indicN  c  that  in  the  iKxIyot  a  living: beinj^  the  crude  and 
vulvar  inor^aid*'  forces  played  any  part.  Life  and  all  its  manifesta- 
tions and  conditions  wi're  pcrte<  tly  <'lear.  Natural  phenomena  were 
chitlied  in  bewitchinjjly  lovely  dress,  cut  out  and  fitted  by  clev^er  men, 
iuul  this  Wiis  ('ailed  philos4)phical  investigation.  Kxperimental  instru<*- 
tion  in  chemistry  was  all  but  extinct  at  the  universities,  and  only  the 
highly-educated  pharmacists,  Klaprotb,  Hernibstadt,  Valentin  Rose, 
Troromsdorff,  and  Buchholz  had  tbemselvespreserveil  it,  hut  in  another 
department* 

I  remember  at  a  much  later  jieriod.  Prof.  Wnrzer,  who  held  the  chair 
of  chemistry  at  Marburg,  showing  me  a  wooden  table  drawer,  which 
had  the  property  of  producing  quicksilver  every  three  months.  He 
possessed  an  apparatus  which  mainly  consisted  of  a  long  clay  pipe 
stem,  with  which  he  converted  oxygen  into  nitrogen  by  making  the 
porous  pipe  stem  red  hot  in  charcoal,  and  passing  oxygen  through  it 

Ohemical  laboratories,  in  which  instruction  in  chemical  analysis  was  ' 
imparted,  existed  nowhere  at  that  time.   What  passed  by  that  name 
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\v«'i  r  uutvv  lik»'  kitrlnTis  with       sui  f  s  of  rnriiuc4\s  aii<l  utensils  for 

the  canyiiij;-  out  of  lurtiillur^ical  or  pharuiuctMitical  prtM-esses,  iN'o  one 
n'ully  uudeistood  how  to  teach  it, 

I  afterwards  folh)we<l  Kastner  to  Krlanjjfeu.  wheiv  lie  hiul  pn)iuised 
toaualy/i*  soiur  minerals  witli  nie;  but  unforUuuitely  he  did  not  him- 
self know  how  to  tlo  it,  and  he  never  earrieil  out  a  single  analysts 
with  me. 

The  benefit  which  1  ^j^aiucd  through  intercourse  with  other  students 
during  my  sojoarii  in  Bonn  and  Erhiu^^t  ii  was  the  disoovery  of  my 
ignorance  in  very  many  subjects  which  they  brought  irith  them  IW>ui 
school  to  the  university^  and  since  I  got  notliing  to  do  in  chemistry  I 
laid  out  all  my  energies  to  make  up  for  ni}  previously  neglected  school 
studies. 

'     In  Bonn  and  Erlangen  small  numbers  of  studente  joined  with  me  in 
■  a  chemico-physical  nnion,  in  which  every  member  in  turn  had  to  read  a 
tiaper  on  the  question  of  the  day,  which,  of  course,  consisted  merely  in 
a  report  on  the  subjects  of  the  essays  which  appeared  monthly  in  Gil- 
l»ert's  Annaim  aod  Schweiggei's  JournaL 

In  Erlangen,  Schelling^s  lectures  attracted  me  for  a  time,  butSchelt- 
iiig  possessed  no  thorough  knowledge  in  tlie  province  of  natural  science, 
and  tlie  dressing  up  of  natural  phenomena  with  analogies  and  iu  images, 
whieh  was  called  exposition,  did  not  suit  me. 

1  return(>d  tt>  Darmstadt  fully  persuaded  that  1  could  not  attain  my 
ends  in  Germany. 

The  dissertations  of  lierzelius — ^that  is  to  say,  thebett<?r  traucilation 
of  his  handbook,  which  had  a  large  cirtiulation  at  .that  time — were  as 
springs  in  the  desert. 

Mit«eherlieb,  11.  Rose,  Wiiider,  and  Magnus  hjul  then  repaired  to  Her 
zelius,  in  Stoekholni ;  but  Paris  offered  me  means  of  instruction  in  many 
other  branches  of  natural  scifnce.  as,  for  instance,  physics,  such  lis  could 
hv  lound  unit4'd  in  no  othei-  phu  e.  I  made  up  my  mind  to  go  to  Paris, 
I  was  then  s*\rnt»Mn  a  ml  a-liaif  years  ohl,  .M>  Journey  to  Paris, the  way 
and  ni  iiim  [  HI  whicii  1  e:iMie  in  eordaet  with  Theuard,  Humboldt^ 
I >uloii«i,  ,(iid  with  Ciay  iaissac,  and  how  the  boy  found  favur  in  thi-  sight 
of  those,  nu  n,  Inu'ders  oii  thr  lalniious.  and  would  be  out  of  place  here. 
8in<'e  then  it  has  IVeiiueutly  been  my  e\peri<Mii'e  that  marked  tahuit 
awakens  in  all  ummi,  1  beli«'\e  i  may  say  without  exeeption,  an  irre- 
pressible desire  to  brin<^  about  ils  (le\ ciupnit  ni.  l  iarh  helfw  iu  his  own 
way,  and  all  together  as  it  they  wen-  a^-tinir  in  rou»  ert:  but  talent  only 
c(»mpels  suce»«ss  if  it  is  united  with  a  firm  in(U)niitabk'  \ull.  External 
hindrances  to  its  developnu*nt  are  in  most  cases  very  much  U\s8  than 
those  which  lie  in  men  themselves;  for  Just  as  no  one  of  the  forces  of 
nature,  however  mighty  it  nniy  be,  ever  produces  an  effect  by  itself 
alone,  but  alwa>*s  only  in  conjunction  with  other  forces,  so  a  man  can 
only  make  valuable  that  which  he  learns  withtmt  trouble,  or  acquires 
readily,  for  which  as  we  say,  he  has  a  natural  gift,  if 
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iiiuny  oMier  tliin;;s  in  udilifion,  wliicli  perhai>s  cost  him  more  trouble 
U)  Hcqiiirt',  tliaii  tliev  cost  ot  li«*r  pu<>]>l(\ 

Le^siti^  says  that  tuleiit  really  ia  will  ami  work,  atiil  I  am  very  much 
iiicliiu'd  to  agree  with  him. 

Tlu'  h'ctures  of  Gay-Liissac,  Thenard,  Duloug,  et€.,  in  the  Sorbonne,  [ 
had  lor  nie  ;m  indescribablo  charm;  the  introduction  of  asti*onomicaI  or  | 
mathematital  method  into  chejnistry,  which  changes  every  ])roblem  when 
possible  into  an  e(iuation,  and  assumes  in  every  uniformse<|uence  of  two 
phenomena  a  quite  certain  connection  of  cause  and  ertect,  which,  after 
it  has  been  searched  for  and  discovered,  is  called     explanation "  or 

theory,''  had  led  the  Freach  chemists  and  physicists  to  their  great 
diacoTeriea.  This  kind  of  *^  theory  "  or  explanatiou  ^  was  as  good  as 
nnknown  in  Gkirmany,  for  by  these  expressions  was  understood  not 
something  experienced,''  but  always  something  which  man  must  add 
on,  and  which  he  fabricates. 

Freuch  exposition  has,  through  the  genius  of  tlie  language,  a  logical 
clearness  in  the  treatment  of  siiientiftc  subjects  very  difficult  of  attain- 
ment in  other  languages,  whereby  Thenard  and  Gay-Lnssac  acquired 
a  mastery  in  experimental  demonstration.  The  lecture  consisted  of  a 
judiciously  arranged  succession  of  phenomena, — ^tbat  Is  to  sag-,  of  experi- 
ments, whose  connection  was  completed  by  oral  explanations.  The 
experiments  were  a  real  delight  to  me,  for  they  spoke  to  me  in  a  lan- 
guage 1  understood,  and  they  united  with  the  lecture  in  giving  definite 
connection  to  the  mass  of  shapeless  facts  which  lay  mixed  up  in  my 
head  without  order  or  arrangement.  The  antiphlogistic  or  French 
chemistry  h;i<l,  it  is  true,  brought  thehistoi  y  of  chemistry  before  Lav<>i« 
sier  to  the  guillotine;  but  one  observed  that  the  knife  tmly  fell  on  the 
shadow,  and  I  was  much  more  familiar  with  the  phlogistic  writings  of  ( 
Cavendish,  Watt,  l*riestly,  Kirwan,  Bhick,  Schcele,  and  Borfjrmann,  • 
than  with  the  anti-phlogistic;  and  what  was  represented  in  tlie  Paris  ' 
le<'tiir*'s  as  new  and  original  facts  appeared  to  me  to  be  in  the  closest 
relation  to  previous  facts,  so  Tiiiu-h  so,  indeed,  that  when  the  latter  were 
imagined  away  the  ot  licrs  could  not  be. 

I  recfignized  or  (more  <  orie('tly  perhaps),  the  consciousness  dawned 
U|M>n  Uie,  tiiat  a  connection  in  accordance  with  lixed  laws  t-xist  s  not 
only  between  two  »)r  three,  but  lietween  all  chemical  phenomena  in  the 
mineral,  vegetable,  and  aninnd  kingdoms;  that  iu»  one  stnnds  ah>ne, 
but  each  beirjg  always  linked  with  anotiier,  and  this  again  with  another, 
and  so  on,  all  ai  c,  connected  with  each  other,  and  that  the  genesis  and 
disappearance  of  things  is  an  undulatory  motion  in  an  oi  l)it. 

What  impressed  me  most  in  the  Frenith  lectures  was  their  intrinsic 
truth,  and  the  carefnl  avoidance  of  all  pretense  in  the  explanations;  it 
was  the  most  complete  contrast  to  the  (German  lectures,  in  which  the 
whole  scientific  teaching  hail  lost  its  solid  coustpuetion  through  the 
preponderance  of  the  deductive  method. 
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An  accidental  occurrence  drev  A.  von  Hnmboldt's  attention  to  mein 
/   Paris,  and  the  interest  which  he  took  in  me  induced  Gay-Lossac  to  com' 
\^  I»lete  in  coiynnction  with  me  a  piece  of  work  which  I  had  begun. 

In  this  manner  £  had  the  good  fortune  to  eigoy  the  closest  inter- 
course with  the  great  natural  philosopher;  he  worked  with  me  as  he 
had  formerly  worked  with  Thenard;  and  I  can  well  say  that  the  foun- 
datioD  of  all  my  later  work  and  of  my  whole  course  was  laid  in  his  lab- 
oratory in  the  arsenal. 
I  returned  to  Germany,  where,  through  the  school  of  Berzelius,  H. 
*    Rose,  Mitscherlich,  Ifagnus,  and  Wohler,  a  great  revolutiou  iu  inorr* 
^  fj^ixnic  chenimtry  had  already  commenced.  Through  the  support  of  von 
,  I  Hiunl>oldt'H  warm  recmmmendation,  an  extraordinary  professorship  ot 
f  clieiuiHtiy  at  (lic^scn  wsui  conferml  upon  mein  my  twenty-llrHtyear. 
My  career  iu  G^(^'«si•n  ('<»mmen4*<Ml  in  May,  1  always  recall  with 

pleasure  tlio  twenty  eif,'lit  years  whuOi  I  spent  tbere;  it  wasiiA  if  Prov- 
idence had  led  me  to  tlie  little  university.  At  a  lar-^er  university,  or 
'  in  ft  larger  place,  my  energies  would  liave  been  divided  and  dissipated, 
and  it  would  have  been  mucii  more  difficult,  aiMl  perhaps  impossible, 
to  reach  tlie  goal  at  wliich  I  aimed,  but  at  (riesstMi  everything  was  cou- 
centnit<Ml  ill  work,  and  iu  this  I  took  ]mssionate  ideivsure. 

The  iKM'd  tor  Mil  iiistilut  ioii  in  which  the  Htudciits  couhlbe  instructiMl 
I  in  the  art  of  chemistry,  by  which  I  mean  lam iliarity  with  chemical  ana- 
lytical operations,  and  skill  in  tlie  use  of  ai)pararu>?,  was  then  bein-jf  felt ; 
and  hence  it  hai)peued  that  on  the  npeniiii;  of  my  hiboratory  for  teach 
ing  analytical  chemistry  and  the  met  iiods  of  clieniical  re.searcli,  studeiit-s 
by  degrees streauicii  lo  it  from  all  sides.  As  the  numbers  increased  1 
had  the  i^reatest  dilliculty  with  the  practical  tea<'hiu<;s  itsell'.  Jii  order 
to  teiich  a  larg^e  tiuud)er  at  one  time  it  was  necessat  y  to  liavea  system- 
atic jduu,  i»r  step  by  step  method,  wliich  had  iirst  to  be  thought  out 
and  put  to  the  j^rool. 

The  manuals  which  several  of  my  pujiils  have  published  later  (Fren- 
enius  and  Will)  contain  essentially,  with  little  deviation,  the  course 
which  was  followed  at  Giesseu;  it  is  now  familiar  in  almost  every  labor- 
atory. 

The  production  of  chemical  i>i  ei>ai  ations  was  au  object  to  which  I 
paid  very  particular  attention;  it  is  very  much  more  important  than  is 
usually  believed,  and  one  can  more  frequently  find  men  who  can  make 
very  goo<l  analyses  than  such  as  are  in  a  position  to  produce  a  pure 
preparation  in  the  most  judicious  way.  The  formation  of  a  prt^paration 
is  an  art,  and  at  the  same  time  a  qualitative  analysis,  and  there  is  no 
other  way  of  making  one's  self  acquainted  with  the  various  chemical 
properties  of  a  body  than  by  first  producing  it  out  of  the  raw  material 
and  then  converting  it  into  its  numerous  compounds  and  so  becoming 
acquainted  with  them. 

By  ordinary  analysis  one  d<ieB  not  learn  by  experience  what  an 
important  means  of  separation  crystallization  is  in  skillfhl  hands;  and 
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jast  as  UtUe  the  viUiie  of  an  acqnamtance  with  the  peculiarities  of  dif* 
ferent  solvents.  Oonrider  only  an  extract  of  a  plant  or  of  flesh  which 
c(»ntain8half  a  dozen  crystalline  bodie«)  in  very  small  quantities  embed - 
de<l  ill  extraneous  matter,  which  almost  entirely  masks  the  properties 
of  the  others;  and  yet,  in  this  magma,  we  can  recognize  by  means  of 
chemical  reactions  the  peculiarities  of  every  single  body  in  the  mixed 
mass,  and  learn  to  distinguish  what  is  a  product  of  decomposition  and 
what  is  not,  in  order  to  be  able  to  8ei)arate  them  afterwards  by  means 
which  will  oxert  no  docornposing  inthicnrc.  An  example  of  the  great 
ditTicnlty  of  fituling  tlio  l  i^iit  way  in  sucli  researches  isaftorded  by  the 
analysis  of  bilc  by  Ber/.elius.  Ol"  the  numerous  substances  which 
ho  has  described  as  its  constitueutii  no  one  is,  properly  speaking,  con- 
t;;iined  in  the  natiinil  bile. 

An  extremely  siiort  time  had  been  suihcient  for  the  famous  pupils  of 
the  Swedish  jnaster  to  give  a  wonderful  donfree  of  perfection  to  mineral 
analysis  whirh  depends  mi  an  accurate  liH(»wh'(l<;e  of  the  ]»ro])i'rties  of 
innrganic  bodies;  their  coniixmnds  and  their  brhaviur  to  each  other 
were  studied  in  all  directions  by  the  Swedish  school  witli  a  keenness 
ifuite  unusual  previously  and  even  now  unsurpassed.  Physical  chem- 
i.stry,  which  investigates  the  uniform  relalions  hrtwct^u  physical  i»ro]>- 
erti<'s  and  chemical  composition,  had  already  gained  a  firm  foundation 
by  the  discoveries  of  Gay  Lussac  and  von  Humboldt,  on  the  combining 
proportions  of  bodies  in  the  gaseous  state,  and  those  of  Hitscherlich, 
on  the  relations  between  crystalline  form  and  chemical  composition; 
and  in  chemical  proportions  the  stmcture  appeared  to  have  received  its 
coping-stones  and  to  stand  forth  completeiL  AU  that  foreign  countries 
bad  acquired  in  bygone  times  in  the  way  of  discoveries  now  yielded 
rich  fruit  also  in  Germany. 

Organicchemistry— or  what  is  now  called  organic  chemistry— bad  then 
no  existence.  It  is  trae  that  Tbeoard  and  Gay-Lussac,  Berzelius, 
Front,  and  Oobereiner  bad  already  laid  the  foundations  of  organic 
analysis, but  even  the  great  investigations  of  Ohevreul  upon  the  fiitty 
bodies  ezoitedbnt  little  attention  for  many  years.  Inorganie  chemistry 
demanded  too  mnch  attention,  aud,  iu  fact^  monopolize<l  the  best  eoer- 
gies. 

The  bent  which  1  :H'(|uired  in  l^aris  was  in  a  quite  diH'erentdirection. 
Throagh  the  work  which  (i ay  Lussac  bad  done  with  me  nywu  fulmi- 
nating silver  I  was  familiar  with  organic  analysis,  and  I  very  soon  saw 
that  all  progress  in  organic  cheiiiisfry  depended  essentially  upon  its 
simplification;  for  in  this  branch  of  chemistry  one  has  to  do  not 
with  different  elements  which  can  bo  recognized  by  their  peculiar  prt)|>- 
erties,  but  always  with  the  sarin-  elements  wlujse  relative  pro])ortio|]s 
and  arningement  determine  the  i)roperties  of  organic  compounds. 

In  organic  chemistry  an  analysis  is  necessary  to  do  that  for  which  a 
reaction  sutliccs  in  inorganic  chemistry. 
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Tlie  firBt  years  of  uiy  carrier  iu  GieRseii  I  devoted  almost  exclusively 
to  the  iiuprovement  of  the  methods  of  or^^aaic  Himly.sis,  and  the  imme- 
diate result  was  that  there  began  at  this  little  university  an  activity 
which  had  never  before  been  seen. 

For  the  solution  of  innumerable  questions  connected  with  plants  and 
animals,  on  their  constituentSyand  on  the  reactions  accompanying^  tlieir 
transformation  in  the  organism,  a  kindly  fate  brought  together  the  most 
talented  young  men  from  all  the  countries  of  Buroiie,  and  any  one  can 
imagine  what  an  abundance  of  facts  and  experiences  I  gained  from  so 
many  thousands  of  exiieriments  and  analyses,  which  were  carried  out 
every  year,  and  for  so  many  years,  by  twenty  and  more  indefatigable  and 
skilled  youug  cluniists. 

Actual  teiR'liin;^'  ill  the  laboratory,  of  which  practiced  assistants  took 
charge,  was  onlyftir  the  beginnerB;  the  progress  of  my  sjH'crial  studenta 
de])ended  on  themselves.  I  gave  the  task  an<l  supervised  the  carryiD^: 
out  of  it,  as  the  radii  of  a  circle  have  all  their  conunon  center.  There 
was  no  acrtual  instruction;  I  received  from  each  iudividiial  every  morn- 
ing a  report  ujxni  what  he  had  d<me  on  the  previous  day,  as  well  as  hift 
views  on  wli.'it  he  was  cnfrai^ed  upon,  I  approved  or  made  my  criti- 
cisms. Evny  oiH'  was  (>blig<*(l  to  follow  his  own  course.  In  the  nsso- 
riatioii  and  constant  intercourse  with  each  other,  and  1>y  each  parlifi- 
patiiig  in  the  work  of  all.  every  one  learned  from  llie  otiicrs.  Twice  a 
week,  in  winter.  I  pive  a  sort  of  r»'view  of  the  most  im|H>rt4itit  ((Uestioiis 
of  the  day;  it  wAti  mainly  u  rep  oi  i  on  my  own  and  their  work  conibiuetl 
with  the  researches  of  other  chemists. 

We  s\  oi  ki  (I  ii«»ni  break  of  day  till  nightfall.  Di.ssipations  andauiuse- 
ments  were  not  to  be  had  at  (liessen.  The  only  coni})hiiut,  which  was 
coutiunally  rei»eated,  was  that  of  the  attendant  (Aubcl),  who  conhl  not 
^'et  the  workers  out  of  the  laboratory  in  the  evening,  when  he  wanted 
to  *  lean  it . 

The  remeinbran<-e  of  this  sqi<mrii  at  ( liessen  awakened  in  most  of  my 
pupils,  as  I  have  frequently  heard,  an  agreeable  sense  of  satisfaction 
for  well'Hpeut  time. 

1  had  the  great  good  fortune,  fn>m  the  commencement  of  my  career 
at  Giesseti,  to  gain  a  (Yieud  of  similar  tastes  and  similar  aims,  with 
whom,  after  so  many  years,  I  am  still  knit  in  the  bonds  of  warmest 
affection. 

While  in  me  the  pi'edominating  inclination  was  to  seek  out  the  points 
4>f  resemblauee  in  the  behavior  of  btNlies  or  their  compounds,  he  itos* 
sessed  an  unparalleleil  faculty  of  ]ierceiving  their  dift'erences.  A  keen- 
ness of  observation  was  combined  in  him  with  an  artistic  deiterity, 
and  an  ingeniouNness  in  diwiovering  new  means  and  methods  of  research 
or  analysis  such  as  few  men  ]>ossess. 

The  achievement  of  our  Joint  work  niM>n  uric  acid  and  oil  of  bitter 
nlmonds  has  freqiuMitly  been  praised;  it  was  his  work.  1  can  n<»t  suffi- 
ciently highly  estimate  the  advantage  which  the  association  with  Wohler 
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hronj;lit  U>  im;  in  the  attaininciit  of  my  own  as  welhiHour  iniTtual  aims, 
for  by  th;it  as8o<*iation  were  um't<Ml  tin*  iK*<'nliaritirs  of  two  HchooKs — 
tlie  i^iHHi  that  was  in  each  becMrne  rtVective  by  co  operation.  With- 
out envy  and  without  jeulousy,  hand  in  hand,  we  i)iir.sued  our  way; 
when  ihv  cuie  needed  help,  the  other  whh  ready.  fcSoMic  idea  of  this 
relationship  may  be  obtained  if  I  mention  that  many  ol  <uii  .>uialler 
piec'es  of  work  w  hich  bear  our  joint  names  were  done  by  one  aloue; 
they  were  charming  litth',  gitts  which  one  presented  to  the  other. 

After  sixteen  years  of  the  most  hiborious  activity  1  collected  the 
results  gained,  so  far  as  they  related  to  plants  and  animals,  in  my 
**l'hennstry  Applied  to  Agriculture  and  Physiology,"  two  years  later 
ill  my  "Animal  Chemistry,"  and  the  researches  made  in  other  directions 
in  my  "  Chemical  Letters.^  The  lastrmentioned  was  generally  received 
«ui  a  poiudar  work,  which,  to  those  who  study  it  more  closely,  it  really 
ia  not,  or  was  not  at  the  time  when  it  appeared. 

Mistakes  were  made,  not  in  the  facts,  bnt  in  the  deductions  about 
organic  reactions;  we  were  the  first  pioneers  in  unknown  regions,  and 
the  difficulties  in  the  way  of  keeping  on  .the  right  path  were  sometimes 
insnperahle. 

Kow,  when  the  paths  of  research  are  beaten  roads,  it  is  a  much  easier 
matter;  bnt  all  the  wonderful  discoveries  which  ret^nt  times  have 
brought  forth  were  then  our  own  dreams,  whose  realization  we  surely 
and  without  iloubt  anticipated. 


Here  the  mauuscript  ends,  and  it  is  t«i  l»e  hoped  that  more  of  it  will  yet  be  found. 

Li^^bijjH  ref(>i'once  to  VVubler  ih  very  tuuchiug,  and  Hhow»  u  aide  ut  bin  i-luiracter 
which  alt  hiH  pupilfl  knew  well;  they  t«lliuauy  genial  atorien  illustrating  bis  unaelf- 
isbiiMB  and  kiodnem  of  heart.  One  could  have  wished  that  be  had  not  considered 

the  KtoTi(>fl  "  liordoring  on  the  fabulous,"  of  how  he  "found  favor  in  Aie  HiKlit  of 
Hiiniboldt,  riay-Lus«ac,  and  Thenard,  out  of  place  here."  They  woujd  liuve  heiMi 
flit-  from  out  of  place.  Mr.  Muspratt  i»upplie8  one  «>f  them-  stories  as  he  liejird  it 
from  Llebig's  own  lips,  in  the  HOnieh  Laboratory,  an  follows: 

liiebij?  froqueutly  spoke,  in  most  jxi:it<*ful  t«rms,  of  the  kind  nianufr 
iu  whieli  lie — si  y(mHt  hnn  ly  «'i<j;;htctt'n — was  rt'ceived  by  Gay-LiUiiHat;, 
TlietKinl,  and  <t{li(  r  emuifut  diemists,  in  raris. 

Ill  th*'  8UU11111 1  of  1823  \\r  j^!iv<'  an  account  ol  his  analysis  of  fiilini- 
ii:itiii<;  silver  l>eror('  the  Academy.  Ilavin^^  tinislied  his  iiajier,  as  lir  was 
jKickiii<r  uj)  liis  pioparatioiis,  a  tfentlemau  <'ame  up  to  liim  and  qnen 
ti<Mied  him  as  to  Ins  stiidirs  and  lutiiie  plans,  and  aftn-  a  most  «*\a<  t 
in^  exaniiuation^  ended  by  asking  him  to  dinner  on  the  toiiowiri^  Hun- 
day,  liiebi^  jweepted  the  invitiition.  hut,  thronjjh  lu  rxousness  and 
eonfnsion,  toi  }j:ot  to  ask  tht*  name  and  addi  i'ss  ot  liis  interviewer.  Sun- 
day t  ame,  and  p<M>r  Liebig  was  in  despair  at  not  la'injf  able  to  keep  his 
engagement. 

The  next  day  a  friend  came  to  him,  and  said,    What  on  earth  did 
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you  mean  by  not  comiD^  to  dine  with  von  Humboldt  yesterday,  who 
bad  invited  Gay-Lassac  and  other  chemists  to  meet  you?^  "I  was 
Hmnderstruek,"  said  Liebig,  ^^and  rushed  ofif^  aa  faat  aslcouhl  run.  to 
von  Humboldt's  lodgings,  and  made  the  best  excuses  I  could.''  The 
great  traveller,  satisfied  with  the  ex])lanation,  told  him  it  was  unfortu- 
nate, as  he  had  several  members  of  tho  Academy  at  his  house  to  meet 
liiin,  but  thought  he  could  make  it  all  riglit  if  he  would  come  to  dinner 
next  Sunday.  He  went,  and  there  inadr  the  a<'(niaiHtan(*e  of  (lay- 
liUsaae,  who  was  so  struck  witli  the  genius  and  enthusiasm  of  the  youth 
that  he  took  him  into  li is  private  laboratory,  and  continued,  in  (x)iijuiic- 
tion  with  him,  the  iuvestigatiou  of  the  fuiuiuating  compounds. 
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By  Rev.  John  Thomas  Gulick. 


INTBODtrCTION. 

Ill  uiy  study  «f  Sandwich  Island  terrestrial  niollnsks,  niy  attention 
%vas  ♦•jirly  jm*e8ted  hy  tiH>  fact  that  wide  diversity  of  allied  species 
«K;eur8  within  the  limits  ot  a  Mii>rh^  island  and  in  districts  which  ])re- 
sent  essontiallv  the  same  envirdiiinent.  As  niv  observations  extended 
I  became  more  and  more  iaipresse<l  with  Ihc  imi»robability  thaf  these 
divergences  had  been  caused  by  dirterences  in  the  euviroinncnt.  It 
was  not  easy  to  prove  that  sexual  selection  had  no  iiitluencte;  but, 
owing  to  the  very  low  j^rade  of  iut4'Ilif;eiicepossesse<l  by  the  cn'atiires, 
it  seemed  impossible  that  the  form  and  coloring  of  the  shells  should  be 
the  result  of  any  such  process.  I  was  therefore  led  to  search  for  some 
otlier  cauiie  of  divergent  transformation,  tlie  diversity  of  whose  action 
is  not  dependent  on  dilliBrences  in  nature  external  to  the  organism. 

1  found  strong  proof  that  there  must  be  some  such  principle,  uot 
only  in  the  many  examples  of  divergence  under  uniform  activities  in 
the  environment,  but  in  the  fiict  that  the  degrees  of  divergence  between 
nearly  allied  forms  are  roaghly  measured  by  the  number  of  miles  by 
which  they  are  separated,  and  in  the  fact  that  this  correspondence 
between  the  ratios  of  distance  and  the  ratios  of  divergence  is  not  per. 
ceptibly  disturbed  by  passing  over  the  crest  of  the  island  into  a  region 
where  the  rainfall  is  much  heavier,  and  still  further  in  the  fact  that  the 
average  size  of  the  areas  occupied  by  the  species  of  any  group  varies, 
as  we  pass  from  group  to  group,  according  as  the  habits  of  the  group 
are  more  or  less  favorable  to  migration.  I  perceived  that  these  facts 
could  all  be  harmonized  by  assuming  that  there  is  some  cause  of  diver- 
gence more  constant  and  potent  than  differences  in  nature  external  to 
the  organism,  and  that  the  intlnenee  of  this  cause  was  rouglily  meas- 
ured by  the  time  and  de^n  ee  of  separation. 

During  the  summer  of  1S7l',  1  prepared  two  papers,  in  which  these 
facts  and  i^inions  were  presented.  One  of  these,  entitled    The  Vari- 

*  [Bead  December  15,  18H7.]   From  Thv  Journal  ofZoSlogy  of  lAe  lAnntan  Sodetgf 
September,  1888,  vai.  xx,  pp.  188-274. 
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atioD  of  SpfMsies  as  Related  to  their  Oeograpbical  Bistribiition,  illuS' 
trated  by  the  Achatiuellina)/'  was  published  in  Xature  tor  July  ISj  1872; 
the  other,  entitled  ^*  Diversity  of  Evolution  under  One  Set  of  External 
Conditions,"  after  being  read  l)efore  the  British  Assot^iation  for  the 
Advancement  of  fck^ionee  in  August,  1872,  was,  through  the  kiQdii(*s0 
of  Mr.  AlfViMl  Wallace,  brought  before  the  Liunean  Soi  iety,  and  was 
iinully  ])ubli8hed  in  the  lAunean  {iociety^H  Jounwl,  Zoology^  vol.  ^i,  pp. 

In  the  former  paper  I  used  the  foMowiii^  words  in  (railing  attention 
to  the  impossibility  of  cxplaiiiin^'^  thn  (»rigin  and  distribution  of  tlu^se 
fonuH  by  natural  selection:  "AN  brflier  we  «all  tlie  different  forms 
speeies  or  varieties,  the  same  (im-stious  arc  sujjfjested  ii«  to  huw  they 
have  arisen  and  as  to  how  they  have  been  distril)ute<l  in  their  several 
localities,  in  answering;  tliese  questions,  wc  find  it  dittieult  to  ]>oiiit  to 
any  of  those  active  causes  of  accuniulate^l  variation.  <  lasscd  l)v  Darwin 
as  natural  selection.  -  -  -  Then*  is  no  reas*)!i  to  doubt  that  some 
varieties  less  titted  Ut  .survive  have  dis:ip])enred ;  but  it  does  not  f(d- 
h)\v  tha(  the  -survival  of  flu'  tittesi*  Mliose  hest  titled  when  coinpare<l 
with  those  d\iii*^  ]iremuturely.  i*ut  enunlly  tittetl  when  ecmijiMred  wifli 
each  other)  is  the  deterniining:  cansi  which  has  led  to  these  three 
species beinj^separateil  eacli  otljcr  in  ad)oiniii«r  valleys.  Thv-nur- 
viral  of  the  fitteHV  HtiU  h  ai  ts  a  prohh'in  convt^rniufi  tin  (ihirihullon  of  ihotte 
cijiunUy  fitted.  It  can  not  be  shown  that  lh<*  'survival  ol  the  liltesi '  is 
at  variance  with  th<'  Hur\ i\ iil,  uniler  one  set  of  external  circumstances, 
of  variel  i<'s  differing  more  and  more  widely  from  ea<*h  other  in  eiudi 
successive  generatitui.  The  case  of  the  species  under  c4>nsideration 
does  not  seem  to  be  one  in  which  difference  of  environment  has  been 
the  occiision  of  differeut  forms  being  preserved  in  the  different  local:- 
ties.  It  is  rather  one  in  which  varieties  resulting  from  some  othc*r 
cause,  tliough  e^^ually  fitted  to  survive  in  each  of  the  localities,  have 
been  distributed  according  to  their  affinities  in  separate  loealities.^  * 

In  the  latter  paper  X  raised  the  following  questions  concerning  uat 
ural  selection.  <<The  terms  <  natural  selection^  and  < survival  of  the 
fittest'  -  -  -  imply  that  tiiere  are  variations  that  may  be  accutmi> 
lated  a(!€ording  to  the  differing  demands  of  extemaJ  conditions. 
What,  then,  is  the  effect  of  these  variations  when  the  external  condi- 
tions remain  the  same?  Or  can  it  be  shown  that  there  is  no  ehange  in 
organisms  that  is  not  the  result  of  change  in  external  conditions! 
Again,  if  the  initiation  of  change  in  the  organism  is  through  change  in 
the  environment,  >  -  -  doe9  f^e  change  expend  it9df  la  prodwing 
flrom  each  itpeci^4t  jmt  wne  new  species  completely  fitted  to  the  conditions, 
or  may  U  produce  from  one  stocl-  many  that  are  eqwdly  fiUed?'^  (]».  497). 
In  answering  these  questions  1  called  attention  to  the  variation  and 
distribution  of  ten  (  trial  moUusks,  more  especially  those  found  on  the 
Sandwich  Islands,'*  and  gave  what  seemed  to  rae  strong  reasiuis  for 
believing  that    the  enolution  of  these  different  forms  can  not  he  attrih- 
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uted  to  differenep  in  their  external  conditions.  -    If  we  would 

aceonnt  for  the  difl'erenco  and  the  liuiited  distribution  of  these  allied 
forms  on  the  hypothesis  of  evolutioii  from  ou©  original  8i)ocie8,  it  neeniH 
to  me  neeeattary  to  suppose  ftro  conditions^  separation  and  variation.  1 
regard  separation  as  a  condition  of  the  spwics  and  not  of  .surrounding 
nature,  becnnse  it  is  a  state  of  division  in  the  stock  wliieli  docs  not 
necessiirih/  im2)ly  aui;  rrffrnnl  harrirrft,  or  cren  thr  orrupation  of  separate 
districts.  This  may  be  illustrated  by  the  scpamf ion  brfwi  f  n  ihecastAXo/ 
India,  or  between  difTrrent  genera  occupy ing  the  sanic  locality.  -  -  - 
We  must  suppose  thai  they  jtho  diver, i^iiig  forms]  must  possess  an  in- 
herent tendency  to  variation  so  ,siroii<r  that  all  that  is  luctssKry  t*}  secure 
a  dt  tcnjence  of  types  in  the  (lescen<lants  of  one  stock  in  to  pre  re  nt,  thronfih 
a  series  of  generations,  their  iuienuiiif/Nntj  -with  each  other  to  any  gmit 
degree"  (pp.  4!>S,  PJD).  I  also  called  attentioti  t<»  the  f:iet  that  some 
turins  of  natur.il  selection  must  "  prevent  vnnai  ion  .nui  give  a  wider 
(iitVusion  t^)  torms  that  would  otherwise  be  limited  in  their  range  and 
variable  in  their  ty]>e.  Natural  selection  is  as  etticient  in  producing 
permanence  of  type  in  some  eases  as  in  accelerating  variation  io  other 
eases"  (p.  504).  On  page  499  I  pointed  oat  th«  law  that  <*th6  area 
oci'upied  by  any  species  mast  vary  directly  as  its  iiower  and  opportunity 
for  migration,  aad  inversely  as  its  ])ower  of  [divergent]  variation.^'  * 
And  on  page  505  I  gave  a  brief  simimary  of  my  reasons  for  believing 
that  *^  Hparaiion  ynth<mt  a  differmee  of  external  Hreitmtianee9  is  a  con- 
dition wufficient  to  eneure  •  -   -   divergence  in  type^ 

Sabseqaent  investigation  has  led  to  the  development  of  my  theory, 
with  a  fhUer  disonssion  of  the  causes  and  laws  that  are  revealed  in 
these  phenomena.  In  an  article  pablished  in  The  Chrysanthemum 
(Yokohama  and  London^  Trttbner  &  Oo.)^  Janaary,  1883, 1  state  my 
belief  that  the  qoidity,  the  diversity,  and  the  rapidity  of  the  varia- 
tion depend  chiefly  apon  the  nature  of  the  organism;  and  that  while 
the  nature  of  the  external  conditions  has  power  to  winnow  out  what- 
ever forms  are  least  fitted  to  survive,  there  will  usually  remain  a  nun^er 
oftarieties  efpuilly  JUtM  to  survive;  and  that  through  the  law  of  segre- 
gation  constantly  operating  in  si>ecies  distributed  over  considerable 
areas,  these  varieties  continue  to  direr gc  both  in  form  and  in  habits  till 
separate  speeies  are  fully  established,  though  the  conditions  are  the 
same  throughout  the  whole  area  oc<*u]>ied  by  th<*  diverging  forms.^ 
The  conclusion  reaehed  was  that  "The  theory  that  rliversity  of  natu- 
ral selection  is,  like  variation,  an  essential  fjMJtor  in  prodncing  diversity 
of  spei'ies,  is  untcnai)h'.  On  the  contrary,  we  find  that  diversity  of 
natural  selection  is  not  nceessarv  tA)  diversity  of  evolution,  nor  uni- 
formity of  natural  seleeti(>n  to  nnifonnity  of  «'Volution;  but  while 
tin  iuhoii  (iinl  separation  nrr  tlir  rssrufi/d  fact",  s  in  dirersity,  and  inter- 
eri)><sHi;;  and  unity  ot  descent  the  essential  agents  in  nniformity  of 
rmliition,  natural  selwtion  may  be  an  irnportajit  ally  on  either  side." 

In  an  articie  on  *'  Evolution  iu  the  Organic  World,"  pubUisUed  in 
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The  Chiiu'He  Recorder  (Shanghai),  July,  !H85,  I  uso  the  following  hu\- 
gimge:  "Wo  see  wl  Kit  natural  soleclicm  can  not  exi>lain  by  considerin^c 
the  natuie  of  the.  i>roti088.  The  .survival  of  the  tittcsl  results  iu  the 
separate  breeding  of  the  fittest,  anjl  therefore  iu  the  increasing-  fitness 
of  8ue<M!8Sive  generations  of  survivors;  hut  kmc  can  it  nevuunl  for  the 
division  of  the  surrivors  of  one  stotkj  occupyiuy  one  amntrtf,  into  forms 
differing  more  und  more  wide.} y  from  each  other  f  To  erphuu  such  a  natiH 
we  mnnt  find  Home  other  law.  T  mn  prepared  to  ahow  that  thtrv  is  sm  h  « 
law  ariffiny  out  of  the  rery  nature  (f  organic  actiritieH^a  law  of  .seyrega- 
tioUj  brinyiny  toyether  thone  similarly  endowed  and  meparatiny  them  from 
tho^e  ditferetith/  endowed.'''' 

WitlioiU  vaiiatioii  there  can  be  no  segregate*  breeding::  and  uiih- 
ont  segregate  breeding  and  heredity  there  can  be  no  aeeuuiulation  of 
divergent  variations  resulting  in  the  formation  of  races  and  species, 
lu  producing  divergent  evolution  the  causes  of  variation  and  heredity 
are  therefore  as  importaat  an  the  causes  of  segregate  breeding;  and 
though  I  ])aHS  them  by  id  my  present  discassion,  I  trust  it  will  not  be 
attributed  to  an  nnder-estimate  of  their  importance.  Though  I  do  not 
stop  to  discuss  the  causes  of  variation,  my  reasonmg  rests  on  the 
observed  &ct  that  in  every  deparment  of  the  organic  world  variation 
is  found,  and  that  in  the  vast  m%|ortty  of  cases,  if  not  absolutely  in  all, 
the  diversities  to  which  any  fireely  inter-generating  group  of  organisms 
is  subject  follow  the  general  law  of  frequency  of  deviation  from  an 
average.^  As  this  is  a  law  according  to  which  half  of  the  members  of 
the  inter-generating  group  are  above  and  half  below  the  average  in  rela- 
tion to  aogr  eharacter,  there  must  often  occur  simultaneous  variationof 
several  individuals  in  some  character  which  tends  to  produce  segregate 
breeding.  The  reality  and  importance  of  this  law  is  not  at  all  dei^end- 
eut  on  the  reality  of  any  of  the  theories  of  heredity  and  variation  that 
are  now  being  disc  ussed.   Whatever  may  be  thecaust^s  that  produce 
variation,  wliether  they  de^tend  entirely  upon  changes  in  external  con 
ditions  or  are  ehi(^tly  due;  to  changing  activities  in  the  organism  aod 
the  hereditary  efl['e<  ts  of  ac(iuired  characters,  or  are  (as  Weismann  main- 
tains) the  direct  result  of  sexual  reproduction  which  never  transmits 
acquired  characters — in  any  and  every  case  this  law  of  deviation  from 
an  average  remains  undisturbed  and  is  recognized  as  an  imi>ortaut  tae 
tor  in  the  ]>resent  paper.    It  therefore  can  not  l)e  urged  that  the  theory 
here  advam  e<l  assumes  simultaneous  variation  without  any  ground  tor 
making  such  an  assumption;  nor '  in  it  Ik-  saiti  tluit  it  rests  on  tlie 
incredii>le  assumption  that  chance  variation  of  very  rar«»  kinds  will  Lh) 
duplicate<l  at  one  time  and  place  and  will  represent  both  s^^\e.s. 

Moritz  Wagner  tirst  tlisinissed  wliat  lie  calls  »•  The  law  of  the  migia- 

tion  of  oiLra  nisi  lis,"  in  a  paper  read  belore  the  li4)yal  Academy  of 

Sciences  at  \iiiuich.  in  March,  18<iS;  but  my  attentitni  was  not  callnl 

to  it  till  after  the  reading  of  my  paper  before  the  British  Association 

iu  August,  l$7;i.   Xu  a  fuller  paper  eutitled    The  Darwiiiiau  Tiiouiy  . 
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and  the  Law  of  the  Mij^ratiou  ot  Orgaiirsms,"  an  Englisli  translatiou 
of  whifh  was  yinblislicd  by  Edward  Stanford  (Loiidou,  1873),  the  saiin' 
author  maintains  that  the  constiint  tendency  of  individualjs  to  wander 
from  the  KtatioH  of  their  species  is  absolutely  necessary  for  the  forma- 
tion ot  races  and  species''  0»  !)•  **The  miration  of  or*j;aiii8nis  and 
their  colonization  are,  ac«di  ilmj;  to  my  conviction,  a  necessary  t^on- 
dition  ot  natural  selection "  (p.  5).  On  paj^es  GO  and  07  Im-  cxi)auds 
the  same  statement,  and  objects  to  Darwin's  view  "  that  on  many  hn  p:e 
tracts  all  imlividuals  of  the  same  species  have  become  gra<lually 
cliang:c(l."  Again,  he  contends  that  ^transformation  is  everywhere 
and  always  dependent  on  isolation  in  order  to  ha\c  lasting  etiect. 
Without  separaticm  from  the  home  of  the  species,  this  wonderful 
cajiacity  would  be  completely  neutralized"  (p.  74).  Natural  selection 
18  not  iu  itself  an  uucondltional  necessity,  but  is  dei»endent  on  migra- 
tion and  geogniphical  isolation  during  a  long  period,  together  wiHi 
altered  conditions  of  life "  (p.  57).  "  Where  there  is  no  migration,  that 
is,  where  no  isolated  oolony  is  founded,  natural  s^eetion  can  not  talie 
place''  (p.  59). 

A  comparison  of  his  paper  ivith  my  two  papers  published  in  1872, 
already  referred  to,  will  show  several  fhndamental  differences  in  the 
two  theories.  He  maintains  that — 

(1)  The  separation  of  a  few  individnals  from  the  rest  of  the  species  is 
ahsolntely  necessary  for  the  operation  of  natural  selection,  and  there- 
fore for  any  transformation  of  the  species,  no  matter  how  great  the 
change  of  conditions  may  be  in  the  origioal  home  of  the  species. 

(2)  Migration  and  geographical  barriers  are  the  only  effectual 
causes,  independent  of  human  action,  by  whicli  a  few  individuals  can 
be  separated  from  the  rest  of  the  species,  and  are  therefore  necessary 
to  the  transformation  of  sijecies. 

(3)  Exposure  to  a  new  form  of  natural  selection  is  a  necessary  con- 
dition for  any  transformation  of  a  species. 

(4)  Difference  of  external  conditions  is  necessary  to  difference  of 
natural  selection,  and  therefore  necessary  to  any  transformation  of 
8i>ecies. 

^  (5)  (ieoj^i  apliic;!!  isolatioit  afid  altered  conditions  (»f  life  arc  necessary 
conditions  lor  natural  selection,  as  that  is  for  the  modiUcatiou  of  spe- 
cies. 

(0)  The  separation  *>f  which  he  speaks  is  the  entering:  of  a  few  indi- 
viduals into  a  new  territory,  where  the  conditions  are  dillcient  from 
tUosi*  in  the  old  habitat,  and  where  the  body  of  the  species  fail  of  reach- 
ing them. 

My  chief  positions  were  the  following,  in  strong  contnist  with  the  fore- 
going— 

(1)  Separate  generation  is  a  nei-essary  condition  for  divei  p'iit  evolu- 
tion, bnt  not  for  the  transionuation  ot  all  the  survivors  t»l  a  sjiecies  in 
one  way. 

H.  Mis.  :m,  pt.  I  18  ^ 
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(2)  Separation  does  not  ncM'essarily  imply  my  external  barriers,  or 
even  the  occupation  of  separate  districts/^ 

(3)  Diversity  of  natural  selection  is  not  necessary  to  diversity  of 
evolution. 

(4)  I  >itierenGe  of  external  conditions  is  n»t  necessary  to  diversity  of 

evolution. 

(5)  "  Separation  and  variatiuu,'' that  in,  vaiialion  not  overwhelmed 
by  crossing',  is  all  that  is  necessary  to  secure  a  divomcnce  of  type-sin 
the  dest  eadanti:?  ot  one  .sto<'k,''  though  external  coudiLious  remain  the 
same,  and  though  thv  sp[»aration  is  other  than  geological. 

(G)  The  separation  (»i  wliich  I  speak  is  anything,  in  the  sjuM-ies  oi  in 
the  environment,  that  divides  the  species  into  two  or  more  sections 
that  do  not  freely  inter-cioss,  whether  tlie  difl'erent  sections  remain  iu 
the  original  home  <»i  enter  new  and  dissimilar  environments. 

Though  these  ])roposirioiis  were  very  briefly  and  imperfectly  pre- 
sented, 1  am  not  as\  ai  e  thai  Jiiiy  bett^sr  statement  of  the  facts  of  segre- 
gation had  been  previously  publislied. 

The  present  pai)cr  is  the  result  of  a  loug-coutinued  endeavor  to  un- 
derstand the  relations  in  which  this  factor  stands  to  natarai  selection 
and  the  other  causes  that  co-o]ierate  in  producing  divergent  evolutiou; 
and  though  my  work  has  been  done  under  the  great  disadvantltge  of 
entire  separation  from  libraries  and  from  other  workers  in  similar  lines, 
I  trast  it  may  contribute  something  towards  the  elucidation  of  tbeaub- 
ject  In  expanding  my  theory  I  have  been  unable  to  make  any  use  of 
the  positions  taken  iu  Moritz  Wagner's  paper,  as  they  seem  to  me  very 
extreme  and  far  removed  from  the  facts  of  nature.  The  two  theories 
correspond  chiefly  in  that  they  discuss  the  relation  of  separation  to  the 
transformation  of  species,  while  the  explanations  given  of  the  nature, 
causes,  and  eflTects  of  separation  widely  differ.  I  am  informed  lliat  my 
paper  on  Diversity  of  evolution  nnder  one  set  of  external  conditions" 
was  translated  and  circulated  in  Germauy;  but  whether  it  had  any 
efifcrt  iu  modifying  Wagner's  theory  1  have  not  the  means  of  knowing. 

1  have  recently  discovered  that  the  principle  of  segregate  breeding, 
wliich  I  have  found  to  be  of  such  im|>ortance  iu  the  evolution  of  species, 
is  allied  to  the  law  of  segregation  propounded  by  Spencer  in  his  **Firsk 
Principles."  By  direct  consideration  of  the  conditions  that  have  been 
found  necessary  for  the  development  of  divergent  races  of  domestic 
I)lants  and  aninnils  I  have  dis<'overed  segregate  lireeding  as  a  neces- 
sary condition  fordiver*rent  evolution,  and  by  direct  observation  on  the 
proi)a^Mtion  of  plants  and  animals  under  natural  conditions  I  have  dis- 
covcn-d  cuinulativ*'  scgrciration  as  a  constant  rc^n!!  fiiMu  certain  forms 
of  activity  in  tiic  or<j;iriism  when  dealing  witli  a  complex  environment. 
It  is  t  [ici  I't'ore  w  ilii  .special  pleasure  tliat  I  observe  that  a  law  of  very  simi- 
lar inij)ort  may  be dci  i\ cd  l>y  a  wlM>il>  different  mcihoil  ti  nn?  the  general 
laws  of  action  and  reac-tion  in  the  ]diysic;il  wdi  ld.  it  .sluniM.  however, 
be  noticed  that  iu  the  briet  references  made  to  the  subject  in  Jipeucer^s 
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Principles  of  Biology it  is  asfiamed  that  increasin^^'ly  defioite  dis* 
tinctions  among  variations  are  produced  wherever  thereoceiir  definitely- 
distinguished  sets  of  conditions  to  which  tlie  varieties  are  respectively 
subject,"  and  only  where  thene  occur;  for  "  Vital  actions  remain  con- 
stant  so  long  as  the  external  actions  to  which  they  correspond  remain 
constant and  no  reference  isanywhcre  made  to  the  primtiplethatwhat- 
ever  causes  sexual  seiiaration  between  dissimilar  members  of  one  family, 
Tiwe,  or  s])e(-ie8  tends  not  only  to  ])erpetuate,  bot  to  increase  their  dis- 
similarity in  the  .suc(;eediii^'  j^^enerations.  The  view  maintained  in  the 
following  pn])er  is  I  believe  in  better  accord  with  tlie  fuudaiiu  ntal  prin- 
ciple tliat  Unlike  units  of  jin  aOT*^g»te  aresortrd  into  tlu  ir  kinds  and 
parted  when  uniformly  suhjeet  to  the  same  incident  forces^^t  as  is  also 
the  teaching  of  Spencer's  "  Principles  of  Biology/'  in  one  i)assage;  for  I 
have  recently  discovered  that  in  a  single  i)aragraph  of  this  work  it  is 
maintained  that  while  cxjiosod  to  the  same  external  conditions,  the 
members  of  the  sanic  si)e('ies  may  beincreasiii^^ly  difterentiated,  "until 
at  length  the  divergenci'  of  const  itiTtions  and  modes  of  life  become  great 
enon'j"!!  to  lead  to  segregation  of  the  varieties. "|  I  (' t  lie  segregation  luwl 
bci  II  introduced  as  a  necessary  condition  wifl)ont  wliicli  the  ciivergence 
of  families  and  ra<  es  could  not  take  place,  t lie  jjosition  taken  in  this 
pai*agraph  would  have  been  essentially  the  same  as  the  one  I  have 
adopted.  In  the  next  section,  however,  he  aban<lons  the  jtosition,  using 
the  following  words:  "Througli  the  process  ot  ditlerentiation  and  inte- 
gration, Avhichof  necessity  brings  together,  or  keei)s  together,  like  indi- 
viduals, and  separates  unlike  ones  from  them, ///e/v  vtusl  ncreriheleas 
he  maintained  a  tolerably  uniform  upecies,  fio  long  att  there  eoutinueH  a 
tolerably  uniform  set  of  conditions  in  ichich  it  may  exist.  [The  italics  are 
mine.] 

1  trust  my  endeavor  to  contribute  something  toward  the  dcvelopm<M)t 
of  the  theory  of  divergent  evolution  will  not  be  attributed  to  an^^  Idvk 
of  ap]>reciation  of  what  has  already  been  aeoomplished.  The  pro- 
poondersof  a  doctrine  which  has  profoundly  influenced  every  depart- 
ment of  modem  thought  need  no  praise  tcom  me ;  but  as  their  theory  is 
confessedly  incomplete,  and  as  one  of  the  leaders  in  the  movement  has 
called  attention  to  the  need  of  a  re-discussion  of  the  fundamental  factors 
of  evolution,  I  offer  my  suggestions  and  amendments  after  prolonged 
and  carefhl  study. 

PHY8IOI.oaiC'AL  SliLECTlUN  AND  SEGUEUATE  FECUNDIXY. 

The  abstract  of  Mr«  Bomanes's  paper  on  "  Physiological  selection,'' 
given  in  Naturr  August  5, 12,  and  19, 1886,  did  not  come  into  my  hands 
till  the  folloM-ing  January,  when  my  theory  of  divergent  evolution 
through  cumulative  segregation,  which  had  been  gradually  developing 

f  See  Speneer^B  '*Fint  Prinriples^,  $  166,  near  the  end ;  a]«o  a  fuller  statement  in 

k  ifiy. 
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since  tlu^  inihlication  of  my  paiu'i*  on  l)ivt»rsity  of  evolution  under 
oneset  of  external  ( (inditions. "  was  for  tbo  most  part  written  oat  in 
its  present  form.  Sin<'e  then,  and  witli  reference  to  ihv  di84;u»sion  on 
physiolopeal  sele<*tion,  I  have  worked  out  thv  aljcebraie  formulas  g^iveii 
in  the  last  chapter,  and  hiivc  iiitnxhiced  explanations  of  tlie  same;  but 
at  the  same  time  I  have  reniov  c<l  aevnal  chapters  in  wliich  thv  pi  inciplt' 
of  srh'ction  was  diseussed  at  Icng-th.  and  have  endeavored  to  bring;  the 
wliole  within  a  compass  that  would  all(»wof  its  being  published  by  some 
seientihc  s(M»iety.  In  order  to  attain  this  end,  I  rcsj-rve  for  another 
oecasion  a  diseussiun  of  tlie  ])rinciples  of  intensive  segre^Mtinn,  under 
whieh  name  I  class  tile  <litV(Mt'iit  ways  in  whieij  otluT  priuciples  com- 
bine with  Reirregation  in  pnxlucinj?  divergent  evolutnm. 

It  was  my  intention  to  brin;,'  t/igether  examph  s  of  the  ditVercnt  tonus 
of  Segregation  diseussed,  that  they  might  be  ])ui>lislted  wiiii  the  the<>- 
reth'alpart;  but  the  large  number  of  ])a^es  found  necessary  for  even 
the  briefest  presentation  of  the  principles  iuvolvetl,  and  the  fa<'t  that 
Mr.  Ronuines's  paper  has  appeared  relating  to  some  of  the  same  prob- 
lems, leads  me  to  present  the  results  of  my  studies  without  further 
delay.  The  facts  on  whieh  large  portions  of  my  theory  rest  are  of  the. 
most  familiar  kind^  and  no  additional  light  wonld  be  gained  though 
their  numbers  were  multiplied  a  hundredfold.  Indeed,  one  of  the 
marked  features  of  my  theory  is  that  in  its  chief  outlines  it  rests  on 
facts  that  are  uniyersally  acknowledged.  The  aim  of  the  theory  is  to 
show  the  connection  of  these  facts  with  divergent  evolution. 

Though  many  divergencies  ap])ear  iu  our  method  of  treating  the  sub- 
ject, the  fundamental  theory  underlying  my  segregate  fecundity  and 
Mr.  Romanes's  Physiological  Selection  seems  to  be  very  similar,  if  not 
the  same.  The  most  important  differences  I  have  noticed  are,  ( 1}  that  be 
seems  to  regard  mutual  sterility  as  sufficient  to  account  for  the  separate 
propagation  of  species  and  varieties  thus  characterised,  without  callioif 
in  the  aid  of  any  other  form  of  segregation,  while  I  regard  it  as  a  neg- 
ative form  of  segregation  that  would  result  in  the  general  destruction 
of  all  life  if  not  associated  with  what  I  call  positive  forms  of  segrega- 
tion; and  (2)  that  he  nmintains  that  '^Physiological  selection  is  ahnOBt 
exclusively  a  theory  of  the  origin  of  species,  seeing  that  it  can  but 
very  rarely  ha\ «'  had  anything  to  do  with  the  fornmtion  of  genera,  and 
can  never  have  liad  anything  at  all  to  do  with  the  formation  of  fami- 
lies, orders,  or  classes.  Hen<'e  the  evidence  which  we  have  of  the  evo- 
lutionary influence  of  physiological  selection,  unlike  tliat  which  we 
have  of  the  evolutionary  influence  of  natural  selection,  is  confine*! 
within  the  limits  of  specific  distinctions,"*  while  T  maintain  that  segre- 
gation of  some  torni  is  a  Tieccssary  coTjdition  tor  all  diverg(»nt  evolu- 
tion, and  tliat  in  fact  segregate  lecundity  in  man.\  case's  lucvents  the 
intei  (  lossing  of  divergent  forms  that,  thonjili  descended  from  a  com- 
mon stock,  now  belong  to  different  fanuiics  aiid  orders. 

*  lAnn,  80c*  J9w%*t  Zo&ogif,  toI.  3CIX|  p.  996. 
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The  first  of  these  <litit.'ieiu;e8»  though  of  coiisitlerable  iniportauce,  is 
I  think  due  to  the  111  t !u)d  of  presentation  rather  tluiii  to  any  fnnda 
mental  disci epaney  in  thii  theories.  Tiie  positive  forms  of  seflfrefrat ion 
are  I  Judj^c  assumed  to  be  present,  thoti«]:h  their  co  operation  is  not 
distinetly  recjognized  as  a  necessary  condition  for  the  brewing  of  forms 
that  are  mutually  sterile. 

1  must,  however,  confess  that  I  do  not  see  how  to  re<  oiicilc  his  state- 
ment that  "  Physiolo^^ical  selection  eau  never  have  had  anythinjy  at  all 
to  do  with  the  tonnation  of  families,  orders,  or  classes"  with  what  I 
believe  to  be  the  fa<  ts  eoiieeruing  Segregate  Fecundity;  and  il  physio- 
lo<j^ical  .selection  is  to  be  understood  as  including;  Seasonal  and  perhaps 
other  forms  of  Segregation,  this  passage  seems  to  be  still  more  opi>osed 
to  the  principles  of  divergent  evolution  as  I  understand  thtim.  lie  cer- 
tainly conld  not  have  intended  to  say  that  mutual  fertility  between 
allied  genera  not  otherwise  segregated  would  not  have  stood  in  the 
way  of  their  becoming  different  families,  and  that,  therefore^  motual 
sterility  has  had  nothing  to  do  with  their  continued  divergence;  still 
he  seems  to  have  iailed  to  perceive  the  important  influence  this  prin- 
ciple must  have  had  on  the  divergent  evolution  of  the  higher  groups  of 
organisms. 

The  correspondences  in  the  two  papers  are,  notwithstanding,  more 
remarkable  than  the  ditiferences.  Of  these,  the  most  conspicuous  is  the 
use  of  the  word  segregation  to  express  the  principle  nnder  considera- 
tion.* As  I  have  aheady  pointed  out,  I  used  this  word  for  the  same 
purpose  in  an  article  in  the  CkrjfMnthemumf  published  in  January, 
1883  f  and  again  in  the  Ohmeae  Beeorder  Hav  July,  1855,  where  I  spoke 
of  the  *'law  of  segregation  rising  out  of  the  very  nature  of  organic 
activities,  bringing  together  those  similarly  endowed,''  and  causing  <*the 
division  of  the  survivors  of  one  stock,  occupying  one  country,  into  forms 
difl'ering  more  and  more  widely  from  each  other," 

I  trust  that  my  discussion  of  the  various  forms  of  segregation,  both 
negative  and  positive,  though  presenti'd  in  so  condensed  a  form,  will 
throw  light  on  the  subject  of  the  mutual  sterility  of  species;  and  that 
in  other  ways  my  presentation  of  the  subject  will  contribute  something, 
not  only  to  the  tlieory  of  phystr>logical  segregation  but  to  other  branches 
of  the  general  theory  of  evolution, 

I  should  here  acknowledge  (what  will,  i  think,  b<  luanifeston  every 
page  of  my  papers  tliat  my  obligations  to  Darwin  and  Wallace  are  far 
greater  than  are  nulicated  by  ({notations  and  references. 

I  very  much  regret  that  Iliave  tailed  of  obtaining  a  copy  of  "  Evolu- 
tion witliout  Natural  Select  ir)n,"  by  Oharles  liixori;  but,  from  his  letter 
in  Xature,  vol.  xxxiii,  p.  100,  1  see  that  he  maintains  ''That  isolation 
ran  i)reserve  a  non-beneficial  variation  as  eftectually  as  natural  selection 
eau  preserve  a  beneficial  variation."   He  does  not  there  refer  to  the  fact, 

*S<'f  ])ap«  ron  "  Phyeiolgical  Selection/'  Linn.  Soe.  Joum,  ZoKlogp,  ro\,  XUL,  pp, 
354.356,381,306. 
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which  1  emphasizey  that  all  dtver^^noe  of  a  permaueot  chamcter, 
whether  beneficial  or  non-beDeflciiJ,  ia  dependent  on  ae-generation, 
either  separatiye  or  segregative. 

PaHLUllNAKY  DEFINITIONS. 

Believiug  that  great  obscurity  has  often  been  introdaced  into  the  dis- 
enssion  of  biological  sabjects  by  the  use  of  terms  of  uncertain  import, 
I  have  endeavored  to  obtain  greater  preciaiou  by  giving  definitions  of 
the  terms  I  have  introduced ;  and  for  the  sake  of  indicating  what  words 
are  thus  used  with  special  and  definite  meanings,  they  have  been  dis- 
tinguished by  capitals.  A  few  of  these  definitions  are  here  given,  and 
others  will  be  given  in  the  body  of  the  paper. 

An  InteT'generantf  or  Inter- generating  Orovp,  is  a  group  of  individuals 
so  situated  and  so  endowed  that  they  freely  cross  with  each  other. 

Se-gen  era  Hotly  or  Tn  depen  den  i  QeMTaiUm,  In  harmony  with  the  funda- 
mental doctrines  of  evolutiou,  I  assume  that  each  species  was  at  cue  time 
a  single  inter-gen erant;  bat  we  tiud  that  many  species  arc  now  divided 
into  two  or  more  inter-generants,  between  which  there  is  little  or  no 
inter-crossing.  This  state  of  freedom  from  crossing  I  cxill  Se- generation, 
Se-geueration  is  of  two  kinds,  Separate  Generation  and  Segregate  Gen- 
eration. 

Separate  gencratlony  or  separation,  is  tlie  indiscriminate  division  of 
a  species  into  gioups  that  are  prevented  Ixom  freely  crujising  with  each 
other. 

Sefireaatr  <ie  wratiotu  or  segrcgaiiony  is  the  inter- generation  of  similar 
forms  'dud  tiie  prevention  of  inter-jrf neration  between  dissimilar  frvnus. 

Select  grncrat inn,  or  stit  ction,  \h  tlio  partial  or  complete  I'xeln^ion  of 
certain  forms  from  the  oppoi  timii  \-  to  ]>ropa{j:ite,  wliile  othei>.  succeed 
in  propagating.  The  fjencration  ot  any  torni  18  stUvt  with  reference  to 
the  non-generation  of  forms  that  fail  of  propagating,  and  aegr egate  wiih 
reference  to  the  generation  of  forms  that  propagate  successfully,  but 
separately. 

Adaptational  xcheiion  is  exclusive  generation  that  depends  upon  suim?- 
rior  a.daptatiou  either  to  the  environment  or  to  other  members  of  the 
same  species. 

Natural  9eleetion  is  the  exclusive  generation  of  those  better  fitted  to 
the  natural  environment,  resulting  from  thefoilnreto  generate  of  those 
less  fitted. 

Artificial  selection  is  the  exclusive  generation  of  those  better  fitted  to 
the  rational  envuonment. 

Reftexire  selection  is  the  exclusive  generation  of  those  better  fitted  to 
the  relations  in  which  the  members  of  the  same  si)ecies  stand  to  each 
other.  Sexual,  social,  and  institutional  selection  are  forms  of  refiexive 
selection. 

The  enrirmment  is  nature  lying  outside  of  the  inter>generant.  The 
infiuence  of  the  environment  is  the  sum  of  the  inflnences  that  fall  upon 
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tho  !iiemlMn  s  oi'  iiitftr-<jeiier5mt,  oxclusivo  of  their  inllueiu  c  upon  pa<'h 
other.  The  eiiviionnuMit  of  an  inter  Lronenint  includes  n»eml>tir.s  of  the 
saun!  ai>ecie8  only  when  these  »aeniln-i  s  uic  so  near  that  they  exert  an 
inlinence  throu^^^h  competition  or  otherwise,  while  at  the  same  time  they 
are  so  far  dilfereutiated  that  they  do  notinter-i-ross;  in  ot  her  words,  the 
members  of  the  same  species  can  rautally  belong  to  the  environment 
only  when  they  have  aequLied  some  of  the  characteristics  of  independ- 
ent species.  The  same  enTironmeut  extends  as  far  m  the  a<;tivities 
that  aflfeet  or  may  affect  the  species  extend  without  undergoing  change. 

Ohunfje  i»  the  emvironutewt  is  change  in  the  external  activities  affect- 
ing the  species. 

Mwt&nn0  a  new  mviroimeHt  is  a  change  in  the  territorial  distribution 
of  the  species,  bringing  either  all  or  ai>ortion  of  its  members  within 
the  reach  of  new  influences.  This  may  also  be  called  change  oftnvi- 
ronmeni. 

Change  in  the  organism,  whether  producing  new  adaptations  to  the 
enyiionment  or  not,  should  be  carefully  distinguished  from  both  of  the 
above-described  changes. 

Change  of  relatione  to  the  environment  may  be  produced  by  change 
in  the  environment,  or  by  entering  a  new  environment,  or  by  change 
in  the  organism. 

As  ^^reat  confosion  has  been  occasioned  by  the  terms  ^<  conditions  of 
life,'^  and '^external  conditions'Mx'ing  nsed,  sometimes  for  activities 
outside  of  the  species  under  consideration  and  Hometimes  for  those 
within  the  spedes  (as  for  examnle  the  in  thienee  upon  the  seed  produced  ^ 
by  its  position  in  the  capsule),  1  have  tried  to  avoid  their  use. 

Monohfpir  evolution  is  any  transformation  of  a  species  that  does  not 
destroy  its  unity  of  type. 

PoUjljiple  firolution  or  <Urer</ent  frolntion  is  any  transformation  of  a 
siHHiies  in  which  dili'ei'eut  ty(»es  api>oar  iu  diUerent  sectionH. 

('HAFIBK  i. 

THE  KFPECT8  OP  RKLKCtTIOM  AND  INDKPRNDRNT  <}KNKRATfOX  CON- 

TBASTBD. 

In  as  far  as  any  theory  of  evolution  fails  of  giving  an  explanaf  ion  of 
divergence  of  cliaraeter,  in  so  far  it  fails  of  explaining  t]\v  ovi^wi  of 
species.  This  is  the  crucial  test  which  iiuist  decide  the  stri'n;;th  or 
weakness  of  every  theory  that  is  brou^iht  forward  to  a<tc(Mint  for  the 
derivation  of  many  species  from  one  ori;;iiial  spe<*ies.  A  satisfactory 
Theory  will  not  only  point  out  the  ecjnditions  on  wlndi  di vi'if^ence 
depends,  but  will  show  that  these  conditions  are  the  natural  result  nf 
causes  that  are  already  recognized  by  science  as  having  intlneiu  c  in 
the  organic  woild,  or  that  are  n<»w  shown  to  liave  such  inHncucc. 

In  the  present  chapter  1  shall  present  s(une  reasons  for  believing 
that  neither  •'natural  selectiou, "  nor** sexual  selection/^  uor  "the 
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vantage  of  diverpenoe  of  chjii'ai'.t+'r,"  nor  differencp  of  external 
cjouditions/'  uor  all  these  taken  tuijjt;tlier,  uor  any  i'uvm  of  selecrtion 
that  may  hi*  hereafter  diseovered,  is  sufficient  to  account  for  diver- 
gence of  character,  but  that  another  factor  of  equal  if  not  superior 
importance  must  be  recognized.  In  subsequent  chapters  I  shall  try  to 
trace  the  eaoses  on  which  this  additional  factor  depends,  and  to  indi- 
cate as  far  as  possible  the  laws  and  relations  under  which  they  appear. 

DIVEBGENT  BYOLUTION  MOT  BXPULINED  BY  29ATUBAL  8BLECTION. 

Natural  selection  is  the  exclusive  generation  of  <*ertain  forms  throuffh 
the  failure  to  live  and  propagate^  of  other  kinds  that  are  lesH  adapted 
to  the  environment. 

In  the  case  of  thebreeder,  no  selection  avails  anything-  that  does  not 
result  in  some  <le;^i'ee  of  exclusion.  In  the  case  of  natural  .selection, 
where  we  are  not  e^^nsideriii^- ineffectual  intentions,  the  selection  is 
measured  by  the  exclusioji.  Whei'e  there  is  no  exclusion  there  is  no 
selection,  and  where  the  exclusion  is  f^reat  the  selection  is  so\ere. 
Moreover  it  is  self-evident  that  there  can  he  no  iTOSsinj;  bt  i\vt**  ji  the 
best  fitt<Ml  that  survive  and  propagate  and  the  least  titted  that  perish 
without  propa^iatiugf.  To  this  ext^ent,  therefore,  the  prcNention  of 
crossing  is  complete.  And  further,  it  is  evidmt  that  those  whose 
meager  fitness  gives  them  but  little  oppoi-tnnity  for  propagating  will 
have  a  correspondingly  diminished  opportunity  for  crossing  with  the 
best  titted;  and  so  on  through  the  different  grailesot  fitness,  the  power 
to  affect  the  next  genneration  through  having  a  share  in  jji'opagatiug 
will  measure  the  power  to  affect  the  progeny-  of  the  best  titted  by  cross- 
ing with  them.  It  therefore  follows  that  the  freest  crossing  of  the  fit- 
test is  with  the  fittest. 

Natural  selection  therefore  proves  to  be  a  process  in  tohieh  the  fittest 
are  prevented  from  crossing  wiik  the  Use  fitted  through  the  exclusion  of 
the  less  fitted^  in  proi)ortion  to  th^  kek  of  fitness.  Through  the  pre- 
mature  death  of  the  least  fitted,  and  the  inferior  propagation  of  the 
less  fitted,  there  arises  a  continual  prevention  of  crossing  between  the 
less  fitted  and  the  better  fitted;  and  without  this  separation  the  trans- 
forming influence  of  the  laws  of  organic  life  would  have  no  power  to 
operate.  As  Darwin  has  pointed  out,  the  results  produced  by  this 
removal  of  the  less  fitted  and  separate  piopagatiou  of  the  better  fitted 
closely  correspond  with  those  produced  by  the  breeder,  who  kills  oflT 
the  less  desirable  individuals  of  his  stock  before  they  have  an  oppor- 
tunity to  breed.  The  selection  of  the  breeder  avails  nothing  unless  it 
leads  to  the  determining  of  the  kind  that  shall  breed;  and  this  he  can 
not  accomplish  without  preventing  firee  crossing  with  those  that  he 
does  not  desire.  Tie  must  use  some  method  to  secure  the  separate 
breeding  of  the  form  that  he  desires  to  propagate.  We  therefore  find 
in  both  natural  and  artificial  selection  the  same  fundamental  method. 
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Til  either  case,  the  kind  that  is  to  prnpn<rute  is  det<  rmined  by  the 
selrrtion,  and  those  that  ar<'  not  to  jn'opagate  are  in  some  way  ex- 
cluded. The  process  may  tlierefore  he  called  thr  <'\(  lusive  breeding 
of  certain  kinds;  and  nafural  selection  may  be  detiued  as  the  ejpclmive 
breeding  of  thotst  hrtft  r  ndupted  to  the  environment. 

But  if  from  one  stix-k  of  horses  we  wish  to  ilevuiop  two  distinct 
breeds,  one  of  whieh  shall  excel  in  lleetiiess  and  the  other  in  strength 
for  carrying  or  drawing  burdens,  the  result  will  not  be  gained  by  simply 
preventing  all  that  are  inferior  in  strength  or  fleetness  from  bn  ediug. 
By  this  process,  which  is  the  exc-lnsivc  iMeiMliiig  of  the  desired  kinds, 
we  should  o1>taiii  one  breed  wiLh  fair  powers  of  strength  and  fleetness; 
but  the  highest  results  in  either  respect  would  not  be  gained.  iSach 
experiments  nhow  tkat  the exclimce  breeding  of  other  than  avcrdge  fornm 
eav$e$ittonotypic  evoiutiony  and  that  to  secure  divergent  or  polytypic  evolu- 
tion mmte  other pHnc^pU  must  he  introduced. 

In  the  case  of  natural  selection,  the  sei)araUonit  introduces  is  between 
the  living  and  the  dead,  between  the  saccess&l  and  the  unsnccessful. 
In  other  words,  natural  selection  is  the  exclusion  of  all  the  forms  that 
through  lack  of  adaptation  to  the  envifonment  fail  of  leaving  progeny, 
and  therefore  in  the  exclusive  generation  of  the  forms  that  through 
better  adaptation  to  the  environment  are  better  able  to  propagate. 
Variation  with  the  naturai  sehetion  of  other  than  average  forme  map  there- 
fore aeeount  for  the  transformation  of  an  OMoient  apeoiee  into  a  eeries  of 
successive epedeSf  the  last  of  which  may  now  exist  in  fbll  force;  hut  toith- 
out  the  aid  of  so-g^Mraiion  it  will  by  no  mmm  account  for  the  divergent 
evolution  of  any  one  of  these  species  into  a  family  of  coexisting  species. 

As  I  have  just  shown,  natural  selection  is  the  exclusive  generation 
of  those  better  fitted  to  the  environment;  and  it  tends  to  the  modifica- 
tion of  species  simply  through  the  generation  of  the  better  fitted  forms, 
while  they  are  prevented  fi*om  crossing  vrith  the  less  fitted,  which  fail 
of  propagating  through  their  lack  of  fitness.  Now,  from  the  very  nature 
of  this  process,  which  results  from  the  success  and  failure  of  individuals 
in  ai)i>ropriating  the  resources  of  the  environment,  it  follows  that  it 
can  not  be  the  cause  of  separation  between  the  suceessfnl  competitors, 
ii\u\  therefore  ;uiy  divcr^^ence  of  ehara^iter  that  arises  between  the  ditVcr- 
ent  groups  of  the  su<  <'esstul  can  not  be  attribut<e.d  to  natural  sele<'tion. 
Natural  selection  exjjlains  the  prevention  of  crossing  between  the  fitted 
and  the  unfitted,  and  sliows  how  tlie  successive  generations  of  a  species 
may  gradually  depart  from  the  ori^iinal  type,  beconiin;;  in  time  a  differ- 
ent species;  but  it  can  not  explain  thr  di rrrf/rnccs  thai  arise  hrtirrf^n  (hose 
that  hure,  by  the  fact  of  sncceMxful  propnyddon,  prored  thi  ir  Jilness.  It 
depends  on  su[)eriority  of  adaptation  to  tlie  envimnnuMit,  and  tiMids  m 
produce  increasing  adaptation  ;  but  di rrrgcnt  kinds  of  adaptation  arc  not 
necessarij  conditions  for  jV,  tnid  it  ran  not  be  the  cause  of  increasing 
divergence  between  the  incipient  kinds  that  otherwise  arise. 
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DIVERGENT  ETOLUTION  NOT  EXPLAINED  BY  «THE  ADVANTAGE  OF 

DIVERGENCE  OF  CHARACTER.'' 

Two  sj'cfioTis  of  the  toiirtli  cliapter  of  tlie  ''Orif^in  of  sporios "  are 
jjiveii  to  tiic  (liscnasioii  of  thi'  jii  inciple  of  beuctit  being  derived  from 
(iivergeiice  of  character.''  whiih  it  is  maintained  "will  generally  lead 
to  the  most  ditlereiit  or  divergent  varintioiis  bciii;^^  pieserved  and  aceu- 
mulat^d  by  natural  selection."  Now,  it  cini  not  be  doiil)ted  that  ability 
to  appropriate  unused  rt-sourees  would  be  an  atl\ antajie  toany  members 
of  a  eoniinunity  pressed  for  food;  but  I  do  not  see  how  the  divergence 
tliat  would  enable  them  to  ai»propriate,  lV>r  example,  a  new  kind  of  food 
e«an  be  accumulated  while  free  crossing  continues;  and  natural  selection 
can  not  prevent  the  free  crossing  of  competitors  w  lio  leave  progeny. 

Having  found  that  the  evolution  of  the  titted  is  secured  through  the 
prevention  of  crossing  between  the  better  fitted  and  the  lean  fitted,  can 
we  believe  that  the  evolution  of  a  Biiecial  lace,  regularly  transmitting 
a  special  Icind  of  fitness,  c^n  be  realised  witliout  any  prevention  of  cross- 
ing with  other  races  that  have  no  power  to  transmit  that  special  kind  of 
fitness f  Can  we  sui)pose  that  any  advantage,  derived  from  new  pow- 
ers that  prevent  severe  comjMitition  with  kindred,  can  he  permanently 
transmitted  through  succeeding  generations  to  one  small  section  of  the 
species  while  there  is  free  crossing  equally  distributed  between  all  the 
families  of  the  species f  Is  it  not  apparent  that  the  terms  of  this  sup- 
position are  inconsistent  with  the  fundamental  laws  of  heredity  f  Does 
not  inheritance  follow  the  lines  of  consanguinily,  and  when  consan> 
gninity  is  widely  diffused^  can  inheritance  be  closely  limited  t  When 
there  is  free  crossing  between  the  families  of  one  species,  will  not  any 
peculiarity  that  appears  in  one  fiamily  either  be  neutralized  by  crosses 
with  families  possessing  the  opposite  quality,  or  being  preserved  by 
natural  selection,  while  the  opposite  quality  is  gradually  excluded,  will 
not  the  new  quality  gradually  extend  to  all  thebranehes  of  the  si>ecies, 
so  that,  in  this  way  or  in  that,  increasing  divergence  of  form  will  be 
prevented? 

If  the  advantage  of  freedom  from  competition  in  any  given  variation 
depends  on  the  possession,  in  some  degree,  of  new  adaptations  to  unap- 
propriated rosourtMVs,  there  must  be  some  cause  that  favors  the  Iwed- 
ing  togetliei-  of  those  tlins  specially  endowed,  and  interfere><  in  some 
degree  with  their  crossing  with  other  variations,  or,  failing  of  this,  the 
special  advantage  will  ii»  succeeding  generations  be  lo^r.  As  some 
degree  of  independent  ;:eru'ra( ion  is  necessary  for  the  coutinuance  ot 
the  mlvantuge,  it  is  eviib-nt  that  the  same  condition  is  necessary  for 
the  accumulation  through  natural  selection  of  the  powers  oji  which  the 
advantage  depends.  The  adrnvdujr  of  direrfjenoe  of  character  ((tn  not 
be  rt'tttiiH'il  In/  fhfisc  that  fail  to  ntoiii  ihr  tlirenfcnl  dun  dctrr ;  <ni<l  diver- 
gent vhartit  ttr  vitn  not  he  retained  by  th<)se  that  are  eonstfintli/  crossinif 
with  other  h  i ndx  ;  and  the  prevention  of  free  croHHimj  hi  t  u  «  rn  thone  (hat 
are  tqually  auccesti/ul  in  in  no  way  secured  by  natural  nelevtion. 
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NATITUAL  SELLiOTION  WITH  OREAT  DIFFERENCE  IN  KX  I'ERNAL  CON- 
DITIONS NOT  SUFFICIENT  TO  EXPLAIN  DIVEBOENT  EVOLUTION. 

The  insufficiency  of  natnra!  selection  withont  se-generation  to  account 
for  divergent  evolution  in  an  area^  where  the  external  conditions  are 
nearly  uniform  may  be  admitted  by  some  who  will  claim  that  the  case 
is  quite  otherwise  when  a  sjiecies  ranges  (reely  over  an  area  in  whicli 
it  is  snt^ected  to  strongly  contrasted  conditions.  It  may  be  claimed 
that  diversity  of  natural  selection  resulting  fh>m  a  great  difference  in 
external  nature  is  sufficient  to  account  for  divergent  evolution  without 
any  80  generation. 

In  tlie  diK(!U.s8ion  of  this  subject  iin])ortant  light  <'an  be  gained  by 
relerring  to  the  exi>erienee  of  the  breeder.  This  exjicrienee,  in  as  far 
as  it  relates  to  the  subject  of  sepfiratioii  in  the  protbictiou  of  divergent 
bfee<l^<,  may  be  arranged  under  three  heads:  First,  diversity  of  selec- 
tion without  separation;  second,  separation  without  diversity  of  selec- 
tion ;  third,  separation  more  or  less  complete  with  diversity  of  selection. 

As  the  full  discussion  of  these  points  is  impossible  Irere,  and  as  there 
is  probably  i>ut  little  ditV(  n  iu  c  of  opinion  in  regard  to  wliatthe  results 
would  1m'.  T  sliull  content  myself  with  a  simjde  statement  of  what  I 
believe  the  expei imeeof  breeders  shows.  DiffereiuM'  in  (he  standards 
of  sehM'tion  without  i^cparation  can  avail  notbin^^  in  creating  diver- 
gence of  types;  while  separation  without  dilleriince  in  the  standards  of 
selection  will  avail  somethini;,  though  food  and  external  conditions  are 
kept  the  same;  but  to  secure  the  •greatest  (liver;^en<'e  in  a  j;iveu  time, 
there  must  l)e  both  diversity  of  sclci  tion  ami  t^omplete  8e])aration.  In 
the  case  of  separation  without  diversity  of  selection,  there  is  room  for 
difference  of  opinion;  for  the  examples  that  some  would  claim  as  prov- 
iiiji:  tlial  t  here  is  often  divergence  w  ithout  diversity  of  st-Iection  and 
without  diflFerence  in  external  conditions  may  be  attributed  by  otliers 
to  unconscious  selection.  It  is  granted  by  everyone  that  no  skill  iu 
selecting  the  animals  that  possess  the  desired  qualities  will  have  any 
effect  in  establishing  a  new  breed  unless  the  selected  animals  are  pre- 
vented firom  breeding  with  others  that  are  deficient  in  the  desired  qual- 
ities. We  further  find  that  while  separation  is  an  absolutely  essential 
condition  for  this  divergence,  diversity  of  selection  is  not  so  essential. 
Thin  is  illustrated  iu  the  case  of  the  slightly  difiiereut  tyi)es  that  are 
presented  by  the  wild  cattle  found  in  the  different  parks  of  England,* 
a  pbenomenon  which  can  hardly  be  attributed  to  any  diversity  in  tlie 
environment. 

In  artificial  breeding  universal  experience  teaches  that  variation  and 
selection^  without  separation,  do  not  produce  divergence  of  races.  The 
separate  breeding  of  different  classes  of  variation  is  a  necessary  condi- 
tion for  the  accumulation  of  divergent  variation;  and  wherever  the 
separate  breeding  of  diflbrent  classes  of  variation  is  secured  tliere  diver- 

*  See  iJurwiu  H  "  Variation  iiudcr  Douu*8ti<-atiuit/'  chapter  XV,  Hecoud  paga* 
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gence  of  character  is  tlie  result.  In  other  words,  segregate  breeding  is 
necessary  to  divergent  i  volution  iu  gauio-genetic  animals.*  Moreover, 
we  have  every  reason  to  believe  that  tXiQ  siiuie  law  holds  good  through- 
out the  whole  organic  world.  The  ^t  iierating  together  of  similars, 
with  the  exclusion  or  separation  of  dissimQars,  is  the  central  necessity 
in  all  evolution  by  descent^  whether  monotypic  or  poly  ty pie  and  ithatever 
eautet  ihe  separate  generation  of  different  daeees  of  variatum  will  be  the 
came  of  divergent  evolution.  That  is,  wherever  this  condition  is  added 
to  the  permanent  laws  of  organic  life,  there  divergence  will  follow. 
As  we  have  already  seen,  natural  selection  or  the  survival  of  the  fittest 
necessarily  separates  between  the  survivors  and  the  nonsurvivors, 
between  the  best  fitted  and  the  least  fitted,  and  is,  therefore,  the 
cause  of  monotypic  transformation;  but  it  can  not  be  the  cause  of 
separation  between  the  different  families  of  those  that  survive,  and, 
therefore,  can  not  be  the  cause  of  divergence  of  character  between 
these  families.  But  we  find  that  divergence  of  character  often  ariseM 
between  the  branches  of  one  stock,  and  in  many  cases  this  divergence 
increases.till  well-marked  varieties  are  established.  If  therefore  the 
general  principle  we  have  just  stated  is  true,  tliere  must  be^certain 
causes  produeiug  the  independent  generation  of  these  forms;  and,  if 
we  can  discover  these  causes  and  trace  them  to  general  principles, 
they  wUl,  in  connection  with  the  laws  of  variation  and  selection, 
explain  divergent  evolution,  that  is,  the  trausfomiation  of  one  form  into 
many  forms,  of  ono  species  into  many  8pe<'ie8.  As  crimmmiity  of  evo- 
lution arises  where  there  is  community  of  breeding  between  those  that, 
through  superior  fitness,  have  opportunity  to  propagate,  so  I  believe  it 
will  be  found  that  divergent  evolution  arises  where  there  is  separate 
breeding  of  the  diftereiit  classes  of  ihv  snorossfiil.  In  otlier  words, 
exclusive  breediii*;'  of  otlier  than  average  forms  t  auscs  monotypic  evo- 
lution, and  segregate  bre«'ding  eanses divergent  or  polyty])ie  evolution. 
The  i'acts  ot  geographical  distribution  seem  to  me  to  justiiy  the  lol* 
lowing  statenu'iits: 

(1)  A  s]>e<*ies  exi)osed  to  diU'rrent  rondii  ions  in  tlie  ditterent  i)artsof 
the  area  ovrr  which  it  is  disi  ril)uied  is  not  Lei»resent4»d  by  divergent 
forms  when  free  inter-breeding  exists  between  the  inhabitants  of  the 
different  districts.  In  other  wonls,  diversity  ot  natural  selection  with- 
out separalitJU  tloes  not  ]>rodnce  <liv('r<ieiit  evolution. 

(2)  We  find  many  eases  ia  which  arcits,  corresponding  in  the  char- 
acter of  the  environment,  but  separated  from  each  other  by  important 
barriers,  are  the  homes  of  divergent  forms  ol"  the  same  or  allied  species. 

(.'J)  in  cases  where  tiie  separation  lias  been  long  continued,  and  the 
external  conditions  are  the  most  diverse  in  points  that  involve  diver- 

"  In  u  Bubseqiu'^nt  paper  I  shall  hIiow  how  it  is  that  8e|»arute  lircediug,  long  con* 
tinned,  inevitably  ends  in  wffn'Kat*-  l»re«»dinjj.  In  tliiH  chapt<«r  I  o<mfin«  tny  att^-n- 
lion  more  ti»p<jciullj  t«>  separate  brooding  wheu  combined  witb  diversity  ut  Keb  ctiun 
in  the  different  eeetionfi^  for  it  is  evident  that  tbia  will  produce  a^grcgatii  breeding. 
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sity  of  adaptation,  tberc  we  find  the  most  decided  divergeiicen  in  the 
organic  forms.  That  is,  \?liere  separation  and  divergent  selection  have 
long  acted,  the  results  arc  foinid  to  be  the  greatest.  Tlie  Hrst  and 
third  of  these  propositifms  will  probably  be  disputed  by  few,  if  by  any. 
The  pr«>of  of  the  second  is  found  wherever  a  set  of  closely  allied  organ- 
isms is  so  ilistiibiited  over  a  territory  that  each  species  an<l  variety 
o<"cupieR  its  own  narrow  district,  within  which  it  is  shut  by  bnrriors 
that  restrain  its  distribution,  while  each  species  of  the  environing  tyjH'S 
is  distributed  over  the  wlnde  t<'rritory.  The  distribution  of  terrestrial 
nioliusks  on  the  Sandwich  Islands  prefients  a  great  body  of  facts  of 
this  kind. 

SELECTION  OF  EVKUY  KIKD  l.NSl  Ki  IC  IKNT  TO  ACCOUNT  FOR  DIVKB- 

GENT  EVOLUTION. 

Though  I  have  iio  reason  to  doubt  the  importance  of  se.\ual  selection 
in  promoting  the  transfbmation  of  many  species,  [  think  I  can  show 
that  unless  combined  with  some  separative  or  segregative  influence 
that  prevents  free  intercrossing,  it  can  avail  nothing  in  producing  a 
diversity  of  races  from  one  stock.  In  the  nature  of  its  action  sexual 
selection  is  simply  exclusive.  It  is  the  exclusive  breeding  of  those 
better  fitted  to  the  sexual  instincts  of  the  species,  resulting  from  the 
failure  to  breed  of  the  less  fitted.  It  therefore  indicates  a  method  of 
separation  between  the  better  fitted  and  the  less  fitted;  but  it  gives 
no  explanation  of  separation  between  those  that  are  equally  successful 
in  propagating. 

I  maintain  that  in  a  great  number  of  animal  species  there  are  sexual 
and  social  instincts  that  prevent  the  free  crossing  of  clearly  marked 
races;  but  as  these  segregative  instincts  are  rarely  the  cause  of  failure 

to  pro))agate,  and  since  when  they  are  the  cause  of  failure  the  failure  is 
as  likely  to  foil  on  one  kind  as  on  another,  I  conclude  that  the  s(^gre- 
gate breeding  resulting  from  these  instincts  can  not  be  classed  as  cither 
sexual  or  social  selection.  Ketiexive  selection  in  all  its  forms  i8»  like 
natural  selection,  the  result  of  success  and  failure  iu  vital  processes 
through  which  the  successful  propagiite  without  crossing  with  the 
nnsnccessful ;  but  it  in  no  way  secures  the  breeding  in  separate  groups 
of  those  that  are  successful  in  propagating.  The  exclusion  of  certain 
competitors  from  breeding  is  a  very  different  process  from  the  separa- 
tion of  the  8uc<'essful  competitors  iutit  different  grouijs  that  are  pre- 
vented froTu  inter-crossing,  and  whose  <'oinf>etiti(m  even  is  often  limited 
to  tln'  jiinuhi'rs  of  the  sa?iie  K'^ni).  Sexual  selection,  like  other  forms 
of  rcliexive  sclici  ion,  cim  extend  only  as  far  as  mem}>ers  of  the  same 
siH'fiea  act  on  e;icli  other.  If  t)i<»  individuals  of  the  two  groups  have 
tlnougli  diU'ereuce  in  their  lasti's  ceased  to  compete  with  e;i<  h  other 
in  seeking  unites,  they  are  already  subject  to  ditVcri  nt  and  divergent 
forms  ot  sexual  selection;  and  is  there  any  reason  to  attiibute  this 
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differenre  in  tlieir  tastes  to  the  I'act  that,  when  there  was  but  one  group 
and  the  tastos  of  all  were  eonformed  to  a  siuj^rle  standard,  some  of  the 
competitors  failed  t)f  i)ropagating:,  throiiirl'  being  crowded  aside  by 
those  more  snccesstul  f  If  the  faUnrc  of  the  i(7isnrc('>isful  can  not  he  the 
cause  of  separation  hettceen  thr  di (f'ernit  kindts  if  the  siiceeHsfulj  then  selee- 
tion,  whether  natural  or  nfUjc-ive^  or  of  tun/  ofhtr  kind,  cannot  he  the  muse 
of  direr ffent  evolution,  except  as  eo-operatimj  with  some  cause  of  indejtciid- 
Cttt  generation. 

Thv  failure  of  sexual  selection,  without  separation  or  segregation,  to 
accoinii  ior  divergent  evolution,  will  perliaps  be  made  Hearer  to  some 
uiindsby  considering  some  of  the  i»articular  <  im(litions  under  which  it 
occurs.  SupjKjse  for  instance  that  in  aomo  sjiccics  of  hunuuing  bird 
there  occurs  a  s]i;^]it  variation  in  the  form  or  color  of  the  tail  feathers 
of  the  male  that  adds  to  the  beauty  of  the  individuals  i)ossessiug  the 
new  character  and  rendering  them  more  attractive  to  the  female-s.  We 
can  see  that  they  might  have  an  advantage  over  their  rivals  in  leaving 
progeny,  and  that  the  variety  might  in  that  way  gradually  gain  the 
ascendency,  and  tbe  beauty  of  the  markings  become  more  and  more 
completely  defined;  but  under  sueli  eonditioDs  what  could  prevent  the 
whole  species  from  being  gradually  transformed?  Unless  there  was 
some  separative  or  segregative  principle  that  prevented  the  new  variety 
from  crossing  with  the  others,  the  species  would  remain  but  one,  though 
changed  in  some  of  its  characters.  We  should  have  transformation 
without  divergence. 

The  same  must  be  true  of  institutional  selection.  It  may  be  the 
cause  of  transformation  $  but  it  can  not  be  the  cause  of  divergent  evolu- 
tion, unless  there  are  added  to  it  other  causes  that  produce  divergence 
in  the  character  of  the  forms  selected,  and  tlie  separate  breeding  of  tbe 
diflferent  groups  of  forms  thus  selected.  A  single  illnstratioit  will  set 
in  a  clear  light  the  limitation  in  the  influence  of  iustitutioiial  as  well 
as  all  other  selection.  In  primitive  communities  the  deaf  are  but  little 
cared  for,  and  owing  to  the  great  disadvantage  of  their  |)osition  their 
opportunities  for  gaining  subsistence,  and  therefore  for  re;iring  fami- 
lies, are  greatly  diminished;  this  is  natural  selectiim.  Again,  those 
who  at  so  great  a  disadvantage  in  communicating  with  their  com- 
panions will  be  also  at  a  disadvantage  in  linding  consorts;  this  we  may 
call  social  selection.  Again,  a  community  might  either  by  law  or  by 
strict  custom  ])revent  the  marriaui*  of  the  deaf;  this  would  be  institu- 
tional selection.  Any  one  of  these  forms  of  selection  might  be  pressed 
so  far  as  to  he  the  means  of  iucroasiiiLr  the  a\  erag«'  ])owcr  of  hearingin 
the  ccunmuitifv  ill  succeeding  gem  rations;  bur  it  could  nevw  be  the 
cause  of  two  tiivergcnt  raees,  one  with  good  powers  ofiiearing  and  the 
otluM- with  an  increasing  liability  to  deatiu'ss.  To  secure  such  diver- 
gence it  i>  necessary  that  seuic^ative  inliuence.s  should  be  intiodneed, 
such  as  have  been  most  an»i)Iy  furnished  by  the  moileru  system  of  edu- 
cation for  the  deaf.   Under  these  intiuences  those  endowed  with  bear- 
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iog  aBd  those  withoat  hearing  have  been  separated  into  two  commam- 
tioSy  tlie  lueuibersof  each  having  but  little  opportunity  for  acquaintance 
beyoud  the  limits  of  that  community,  each  eoniDianity  haviug  separate 
gfbools,  separate  uewsf^apers,  and  to  some  extent  a  sep<i  rate  language. 
As  the  result  of  this  scgi  egation  marriages  between  the  two  classes 
have  been  greatly  diminished ;  and  little  by  little  two  races  are  arisingy 
the  hearing  race  and  the  deaf  race.* 

UEA80:^.S  OF  A  GENERAL  <  IIARACTEB  FOR  CONSlUKHlxNC '  SELECTION 
WITHOUT    INDErE:<lJENT    GENERATION   AN   UNSATISFACIOKY  EX-  ' 
PLANATION  OF  DIVERGENT  EVOLUTION. 

1.  The  divergence  is  often  confined  to  characters  which  seem  to  have 
no  possible  reiatiuus  of  adai)tatiou  either  to  the  environment  or  to 
other  members  of  tlie  species,  and,  therefore,  to  be  independent  of  both 
natural  and  reflexive  selection. 

2.  Divergence  relating  to  adajitive  characters  successfiilly  pn)pa- 
gated  involves  different  kinds  rather  than  different  degrees  of  adapta- 
tion and  advantage;  and,  as  adaptational  selection  dei)ends  on  the 
difference  of  d(^grees  of  advantage,  it  can  not  a(;<'ouut  for  the  diver- 
gence of  forms  possessing  e<iual  degrees  of  advantage. 

3.  Tn  the  very  iiattire  of  its  action  wo  sec  that  a(la[)tati(mal  selection 
una<  ('oii)panie(l  by  iiKlepcndent  generation  muat  produce  essentially 
nioi»»»ty|)ie  transt'orniatiou. 

4.  In  artitiuial  breeding,  independent  generation  is  loiunl  to  be  an 
e>?seutial  condition  lor  tin-  production  of  divergent  races:  ;ni<l  flu  re  is 
no  reason  to  doubt  that  the  same  law  holds  good  in  the  dtvergcuce  of 
natural  forms. 

5.  The  general  fact  tliat  species  possessing  high  powers  and  large 
opport unit  irs  tor  inigratiuii  tM"cuj>y  large  areas,  while  those  possessing 
low  po^vcrs  ainl  small  opi>ortunities  for  migration  divide  the  same  area, 
or  an  area  no  Unj^i  r,  between  many  representative  sjtecies,  sliows  that 
independent  generation  is  an  important  element  in  their  divergeuce. 

Chapter  II. 

OUMITLATITE  DIY£BOBN€E  THROUGH   CUHrLATIVi:  SEGREOATIOIT 

Local  separation  in  dissimilar  environments  is  the  only  cause  of 
segregiilion  that  has  been  clearly  ]iointed  out  by  Darwin.  I  shall 
however  endeavor  to  show  that  there  are  other  causes  producing 
segregation,  and  that,  withont  any  change  of  environment  or  change 
in  the  environment,  they  may  produce  all  the  phenomena  of  diverg<mt 

*8ee  paper  by  Alexander  Graham  Bell,  read  before  tbe  National  Academy  of 
Bciencee,  Korember  13^  1883,  apon  tlie  "  Formation  of  a  Deaf  Variety  of  the  Haman 

Kacf nlso  n  review  of  the  same  in  7'hf  Pojmtar  ^'eiKW  JfoalJkfy,  vol.  XXVit,  p.  16y 
euUUed  "  Can  Man  be  Modified  by  Selection  f" 
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evolution.  Any  cause  tliat,  out  of  two  or  more  kinds  of  successful 
variatioDS,  brin-^s  together  one  kind  in  such  a  way  as  to  facilitate 
their  breeding  together,  or  to  hinder  their  breeding  with  those  of  other 
kinds,  is,  according  to  my  definition,  a  cause  of  segregate  breeding; 
and  the  experience  of  breeders  shows  that  wherever  such  causes  oi^erate 
divergent  evolution  is  the  result,  and  that  the  divergence  accumulates 
when  the  process  is  continued  through  many  generations.  From  their 
experiments  we  learu  that  any  form  of  segregate  breeding  persistently 
continued  will  result  in  divergent  evolution.  As  any  form  of  natural 
selection  in  which  other  than  typical  forms  have  the  advantage  will 
result  in  monotypic  evolution,  so  any  form  of  segi'egate  generation  wOl 
produce  polytypic  evolution.  I  call  this  the  law  of  eumttloHve  direr- 
genee  through  cumulative  gegregaiion.  It  is  a  generalisation  established 
by  the  widest  experience  of  mankind  in  the  cultivation  of  plants  and 
the  breeding  of  animals;  and  any  assumption  that  is  not  in  accord 
with  it  may  be  wisely  called  in  question. 

I  theiefore  Judge  tluit  the  advantage  or  ilisadvantage  of  their  diver- 
gence, to  individuals  diverging  from  the  typical  form  of  a  species,  can 
not  be  the  functor  that  determines  whether  the  divergence  shall  be  accu- 
mulated. 

A  divergent  member  of  any  inter-generating  group  can  not  long  \m^t- 
petuate  its  kind,  if  the  divergence  is  any  disadvantage;  for  the  sui>erior 
propagation  of  the  more  sn('<'rssfiil  kinds  wi!!  soon  overpower  the 
intluentT  of  the  less  succcssrul;  and  the  result  will  be  monotypic  evo- 
lution. Tin' CISC  is,  however,  very  different  with  variations  that  are 
wholly  «>r  jiartially  separate*!  from  each  otlier  and  from  the  ty]><'  by 
their  divergent  adaptation  to  (iitlerent  kinds  of  r<  s  hi rces,  or  hy  ;iii  v 
otluT  cause.  The  i)erpetuation  of  smrh  variations  dt  pcuds  not  upon 
any  advantage  they  possess  above  the  type  from  which  tliey  diverire, 
but  upon  ability  to  ap})ro]>riate  Ironi  the  environme!it  sutli<  ii'nt  siiii|»ly 
to  msnntain  existence,  and  the  residt  is  |)4»lytypic  evolution.  In  other 
words,  of  the  fici  ly  crossing  forms  of  any  sj>ecies  it  is  oidy  those  that 
are  most  successfnl  that  are  perprtnateii:  \Yhi\p  of  forms  that  are  ntithvr 
iomprtiiig  nor  cri^ssiiuj^  wi  ry  k'uut  is jx  rjtrt imtnl  that  i.t  nut  fatally  dejitnent 
in  iU  (uhqttationK.  It  follows  thai  a  form  that  under juesent conditions 
maiutiiins  only  a  precarious  existenci»,  nuiy,  if  kept  from  crossing,  main- 
tain its  characteristics  unimpaired  for  many  generatious,  and  at  last, 
through  changes  in  the  environment,  enter  upon  a  period  of  great  pros- 
l)erity.  Such  would  be  the  case  with  a  form  depending  upon  resources 
at  first  scarce,  and  afterwards  very  abundant. 

Again,  the  individuals  of  a  species  that  are  broughttogether  in  their 
attempts  to  ai>propriat6  some  new  kind  of  resource,  and  are  thus  led  to 
breed  with  each  other,  and  not  with  the  rest  of  the  species,  become  a 
new  inter-generating  group  in  which  a  new  and  divergent  form  of  nat- 
ural selection  is  established,  depending  on  divergent  adaptations  in 
the  organism,  without  any  change  in  the  environment  The  gradual 
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priice.s.s  oi"  gaiuiu^  lull  iidu[)tatioii  to  the  uvw  i  t  sourocs  m;i\  cxtciul 
over  many  ^jeneratiotis,  and  during  this  lun^-  piriud  tht^divMM  jLjent  (ovm 
may  be  at  a  {j^mit  distMlvantagfc;  as  compared  with  the  typiral  form; 
but  after  this  h)nji:  process  of  divergence  is  <  omplelcd,  and  lull  com- 
mand of  the  new  rcaoiirce  is  gained,  the  new  race  may  enter  upon  a 
period  of  great  prosperity.  In  such  a  t-ase,  the  period  of  most  rapidly 
accumuhitiug  divergence  is  a  period  when  the  incipient  race  is  suft'ering 
the  heaviest  disadvantage.  The  transformation  from  a  wihl  to  a  domes 
tic  state  affords  a  complete  parallel  to  this  pnx  ess.  In  the  initial  and 
earlier  stages,  the  diyergeiit  branch  that  js  being  domestic^atexl  is  in 
constant  danger  of  extermination;  and  it  is  only  when  a  good  degree 
of  adaptation  to  the  new  conditions  has  been  gained  that  it  can  be  said 
to  be  as  prosperous  as  the  wild  stook  from  which  it  was  derived.  Dar- 
win has  not  explained  how  disadvantageous  sexual  instincts  can  be 
formed;  bnt,  assoming  that  there  are  such  instincts,  he  has  shown  that 
they  would  modify  the  species  in  a  way  that  is  disadvantageous.  He 
believes  the  progenitors  of  man  were  deprived  of  their  hairy  coat  by 
sexual  selection  that  was,  in  its  earlier  stages,  disadvantageous. 

It  is  therefore  evident  that  the  simple  fact  of  divergence  in  any  case 
is  not  a  sufficient  ground  for  assuming  that  the  divergent  form  has  an 
advantage  over  the  type  from  which  it  diverges.  We  may  however 
be  sure  that  there  is  some  cause  or  combination  of  causes  that  fiM^ili- 
tates  the  intergenerating  of  those  similarly  endowed,  and  hinders  their 
crossing  with  other  kinds;  and  if  we  can  discover  the  cause  of  this 
segregate  generation  we  shall  have  an  explanation  of  one  part  of  the 
process  by  which  the  forms  thus  endowed  are  becoming  a  distinct  race. 

SEl'ARATJON  AND  SKGllEGATION  WITH  TUK  I'KINOIPLE  <»F  INTENSION. 

It  wiU  contribute  to  clearness  in  our  discussion  if  wo  can  gain  definite 

conceptions  of  the  conditions  that  are  necessarily  involved  in  separate 

and  segregate  breeding. 
Separate  generation,  which  for  convenience  I  call  separation,  implies: 
First.  The  indiscriminate  separation  of  the  menibcrsof  a  speciesinto 

different  sections  that  are  prevented. from  freely  crossing  with  each 

other. 

Second.  The  aggri'gation  of  the  members  of  one  se<'tion ;  that  is, 
their  being  brought  into  conditions  of  time  and  pltkco  that  allow  of 
their  freely  crossing. 

Third.  Tlie  iiitegraticni  of  tlie  mendKirsof  each  secticui  into  one  inter- 
generating group,  through  the  operation  of  functi<mal  adai»tutions  hy 
wliicli  the  nieinhers  of  each  s<'ction  tVeely  er»)ss  with  eaeli  other.  This 
analysis  of  the  proet  ss  -Imws  that  it  ina\  depend  upon  a  great  variety 
of  causes,  workinn  togi-ther  in  a  very  eoniplex  way.  We  slmll  here- 
after liiid  tli  ii  1  he  causes  ol"  SI  paration  may  operah'  in  sncli  :i  way 
that  no  aggn-gahon  or  prop;igatin[!  i  ikes  ]»la<'e  among  t in'  nieiiihers 
that  are  sepa rat <  (1  from  tlie  old  block;  but  in  such  cases  there  is  no 
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st'i);n  ;itr  goiMTsition,  and  tUeretore  no  si'iniratiou  iu  the  seujue  in  wiiich 
1  use  tin*  word. 

8e^regiit€ geiierat ion  a Isoconsistsof  separation, a^fgri**^ffiiti»ni.  aiidinte- 
jxration:  bnt  itiliflVrs  i  rum  s<-])arat('  p^eneratioii  in  that  in  the  latter  the 
separation  is  iTidiscriminate,  wliilc  in  the  former  there  isainore  or  less 
j>ronounced  1>J  iu}?injrtotr«ther  uf  those  that  are  nimilarly  endowed,  with 
separation  of  those  that  are  dissimilar.  ^S«  ^l  ^^^1te  generation  is  there- 
lore  the  separati<m  of  dissimilars,  with  the  aggregation  and  integration 
of  similars.  As  we  hove  already  Heen,  segregate  breeding  may  he  pro- 
duced by  separate  breeding,  accompanied  by  diverdty  of  nataral  Belee- 
tion  in  the  dilfi»rent  Kectione.  It  is  almoBt  evident  tbat  any  other  cause 
that  develops  in  one  or  more  of  the  separate  sections  of  the  s[>ecies 
characters  that  are  not  found  in  the  other  sections  will  produce  segre- 
gate breeding.  Such  canes  are  diversity  of  selection  of  other  forms 
than  natural  selection,  diversity  in  the  inherited  effeets  of  use  and  dis- 
use (unless  physiologists  liave  been  mistaken  iu  supposing  that  there 
are  any  such  effects),  and  diversity  in  the  Inherited  characters  derived 
from  the  direct  effects  of  the  environment  (unless,  again,  Weisnuuin  is 
right  and  the  general  belief  wrong).  Segregate  breeding  may  more- 
over be  produced  directly  by  the  very  way  in  which  the  separation  oi 
the  different  seetiouK  is  seenred.  One  of  the  best  examples  of  this  kind 
of  segregation  is  seen  in  what  1  eall  industrial  segregation,  where  the 
members  of  a  species  aw  distributed  aetording  to  their  endowments, 
those  of  similar  endowments  being  brought  together.  In  snch  cases 
segregation  is  introduced  as  soon  as  the  separation,  without  depend* 
ing  on  the  subsecpient  ac  tion  of  the  environment,  or  on  diverse  forms 
of  wse^  or  of  se]e<'ti(m;  thongii  there  can  be  no  d<mbt  that^  in  the  great 
majority  of  cases,  diversity  of  use  and  diversity  of  selection  of  some 
kind  will  in  time  coitte  in  to  intensify  tiie  result. 

There  is  another  invariable  sequence  which  it  is  necessary  we  sliould 
keep  in  mind  if  we  wonl»l  nuderstand  the  relation  in  which  these  two 
piin(  i))lt'S  stand  to  each  other.  I  rctcr  to  the  (  i  itanity  that  all  pro- 
longed st'iKirate  :>].  1  (jiii-  wiil  be  Iiansformed  into  segirLTiite  bimling. 
In  other  wolds,  ludist  riniinale  sejiai  ati<ni,  in  whi<'h  there  is  no  appar- 
ent tlillerence  in  the  different  grouj)s,  is  in  time  found  to  be  a  separa- 
tion in  which  tliere  is  a  decided  difference  in  the  different  groups. 
VVhenex CI  a  snilicient  number  of  the  same  species  to  insure  propaga- 
tion ar»  l»ronght  together  in  an  isohited  pf)sition.  separate  generation  is 
the  result ;  and,  it  this  s«'parate  generation  is  long-ccmtituu  d.  we  have 
reason  to  belie\  e  it  always  passes  into  segregate  generation  with  »[iver- 
gent  evolution.  The  fundamental  cause  for  this  set'ins  to  lie  in  the  fact 
that  no  two  iiortions  of  a  spei^ies  possess  exactly  the  same  average 
character,  and  tliat  the  initial  diftereiices  are  for  ever  reacting  on  the 
environment  and  on  each  other  in  such  a  way  as  to  insure  increasing 
divergence  iu  each  successive  generation  as  long  as  the  individuals  of 
the  two  groups  ai'e  kept  irom  intergenerating.   In  my  paper  oo  Divef' 
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ftify  of  Krnlution  tnulrr  one  iSrt  of  External  Conditions^  1  spokfi  of  this 
principle  of  divergtinco  as  .sep;iratii)ii  with  variation;"  but  in  order 
to  distinguish  the  antecedent  coiiditiou,  whicli  is  separation,  from  the 
result,  which  is  something  more  than  variation,  1  now  call  the  certainty 
that  Bome  fbrm  of  divergent  tranHforroation  will  arise  when  inter-genora- 
tioQ  is  prevented  the  principle  of  inteimm ;  and  segregation  producetl 
by  independent  transformation  I  call  intensive  segregation. 

As  separate  and  segregate  generation  are  so  closely  related,  I  have, 
in  order  to  avoid  a  multiplication  of  terms,  classified  the  two  principles 
together  onder  the  general  term  segregation.  In  my  discussion  of  the 
causes  of  segregation  I  shall  however  endeavor  to  determine  concern - 
iDg  each  class  of  causes  whether  they  are  primarily  separatii'e  or  seg- 
regative. 

A  fhll  discussion  of  the  causes  of  segregation  would  Tetjuire  that  under 
each  combination  of  causes  to  which  we  give  a  distinctive  name  we 
should  show: 

(1)  How  the  independent  generation  is  produced. 

(2)  How  the  difference  of  character  in  the  different  sections  is  pro- 
duced. 

(3)  How  the  aggi'cgation  in  place  bringing  together  the  members  of 
each  section  is  produced. 

(4)  Uow  the  correspondence  in  times  and  seasons  necessary  for  inter* 
generation  is  secured  within  e^ch  section. 

(5)  How  the  correspondence  of  community"  and  of  sexual  and  social 
instincts  necessary  for  intergeneration  is  secured  within  each  section. 

(6)  How  the  (•rnTes]>ondeii(  ('  in  structure,  in  dimensions,  and  in  the 
mutual  imti'iitialit  V  of  the  sexual  elements  necessary  lor  iiitcrgeucra- 
tion  is  secured  within  ea4*h  se<  tion. 

It  will  however  be  observed,  that  with  liic  exception  ot  the  two 
^st,  tliese  questions  relate  to  the  ncci'ssary  conditions  that  must  jilwnys 
exist  in  tlie  case  ot  <'v»'rv  iuter-geuemting  group;  and  as  it  is  evident 
that  inter  general i( HI  m  some  degree  must  be  the  normal  condition  in 
every  sexual,  that  is,  in  every  game  jit  nctie  s])e4  ies,  we  may  here  assume 
tlmt  all  the  conditions  necessary  to  inter  generation  exist,  except  so  far 
as  they  have  been  disturbed  1)>  causes  producing  segeneration.  In 
tra('ing  the  causes  of  segrejiJition  it  will  therefore  be  sntRcient  it  in 
each  class  of  eases  we  give  tlie  cause  of  8e-generation,sh(»v. why  the 
same  cause  does  not  iireveut  all  inti'r- generation,  and  explain  the  dilfer 
ence  of  character  in  tlie  different  sections  produced  by  the  se  genera- 
tion.  In  fhll  accord  witli  the  implications  of  the  theory  of  evolution, 
we  proceed  on  the  assumption  that  inter-gimeration  was  the  original 
condition  of  every  species,  and  that  the  inter*generation  of  those  that 
are  brought  together  under  favorable  circumstances  may  be  talten  for 
granted,  unless  there  is  some  special  cause  that  prevents.  All  that  is 
necessary  to  produce  separation  is  the  failure  of  any  one  of  the  many 
conditions  on  which  Dree  crossing  depends,  in  such  a  way  and  to  such 
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a  degree  tb»t  the  species  falls  into  two  or  more  sections,  between  wliich 
crossing  is  iDterrupted,  without  its  lieing  interrupted  within  the  bounds 
of  eiu^li  section.  And  all  that  is  necessiuy  to  produce  segregation  is 
that  to  separation  should  be  added  some  cause  that  secures  diftereuee 
of  character  in  the  different  sections.  And  as  separation  loiig  contin- 
ued inevitably  ends  in  segregation  through  the  deyelopraent  of  differ- 
ence of  character  in  the  different  sections,  we  need  not  in  our  classifi- 
cation set  them  wholly  apart,  though  for  the  sake  of  clearly  recogniz- 
ing the  difference  it  will  be  well  to  note  in  each  class  of  causes  whether 
the  primary  effect  is  separation  or  segregation. 

CUMULATIVE  SEGHEUATION  AND   J  UK  CLASSIFICATION  OF  ITS  DIF- 
FERENT FORMS. 

The  fundamental  law  to  which  I  would  call  attention  luay  be  expresseil 
i  II  the  following  Ibrmula :  Cumulative  segregation  produces  accumulated 

divergeui'c  and  accumulated  divcr<^encc  produces  permanent  segrega- 
tion, and  the  segn^gate  siilxlivisioM  of  those  permanently  segregated 
produces  the  divisions  and  subdivisions  of  orgnnir  ])Iiyla.  If  then  we 
can  discover  the  causes  of  segregation,  we  shall  uudcrstiind  the  eanses 
of  a  wide  range  of  pliononiena,  for  this  is  tlic  fuudauieiital  principle  in 
the  formation  of  varieties,  species,  genera,  families,  orders,  and  all 
greater  div<>rgeuce8  that  have  been  produced  in  the  desoendautM  of 
common  ancestry. 

In  trcMliiig  of  the  causes  of  segrejration  I  have  foiiTnl  it  convenient 
to  njake  two  ilistiuct  classifications.  In  (he  one  the  rundamental  <lis 
tinction  is  between  segregation  produced  hy  the  pur])o.se  of  man,  which 
I  (-all  rational  segregation  in  its  two  forms,  artilieial  segregation,  iiisti- 
tutional  segregation,  and  that  ])rodnced  by  natin<'  outside  of  man, 
which  I  call  responsive  segregation:  while  any  of  these  forms  of  segre- 
gation may  be  intensitied  by  independent  transformation  tlirojigli  the 
prinei|iles  ot  diversity  of  seku'tion,  diversity  of  use,  or  diversity  of 
direei  eDeets  of  the  environment;  and  tlu*  combined  action  of  segr«*ga- 
tiou  with  these  and  other  principles  of  transformation  I  call  intensive 
segregation. 

In  the  other  classilieation  the  Aindamental  distinction  is  between 
segregation  arising  from  the  relations  in  which  the  organism  stands  to 
the  environment,  which  £  call  environal  segregiition,  and  segregation 
arising  from  the  relations  in  which  the  members  of  the  same  species 
stand  to  each  other,  which  I  call  reflexive  segregation ;  while  any  form 
of  segregation  belonging  to  either  of  these  classes  may  be  enhauceil  by 
one  or  more  of  the  forms  of  intension,  and  thus  ])re)?ent  what  T  call  in- 
sive  segregation. 

TITR  BPFECTf*  OF  SEGREOATION. 

The  cttccts  of  segregation  <'an  be  studied  to  advantage  in  the  va,>it 
cx  perietiee  that  has  bccu  accumulated  in  the  domestication  of  plants 
aud  auimahi. 
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Artificial  segrogation  is  caused  by  the  relationH  in  which  the  organ- 
ism  stands  to  the  rational  etivironiiHiit,  thnt  is,  to  ihv  |)ur]H).ses  of  man. 
In  other  words,  artiticial  segregation  is  the  rational  form  of  environal 
Hogro^atioii.  Tlioiifrli  the  beariiifr  of  segregation  on  the  evoIuti<»n  of 
spopies  in  a  state  of  nature  has  been  for  the  most  i>art  overlooked,  its 
eftiMsts  have  been  qnite  familiar  to  the  breeder  ot'douiestie  races. 

Am  a  convenient  metho<l  of  ilbistratioii,  U»t  us  consider  the  ditl'erent 
results  that  will  bc^  gained  according  as  we  subject  the  same  ten  ])au's 
of  wild  rock  pigeons  to  one  or  the  other  of  the  following  methods  of 
treatment : 

In  the  first  expcriuient  lot  tlte  treatment  be  as  follows:  Let  ten  avia- 
ries be  prepared,  ami  in  each  ;n  larv  put  one  male  with  tlie  female  that 
most  nearly  resembles  it.  When  the  younu  of  eacli  aviary  arrive  at 
matuiity,  h  t  them  be  iiisptjcted,  and  if  any  individual  resembles  the 
inmates  of  one  of  the  f)ther  aviaries  more  than  the  iniuates  of  the  aviary 
in  wliieii  it  was  produi  cd,  let  it  bo  placed  with  those  it  most  eh)sely 
n'send)les.  If  any  unusual  variation  arises,  let  it  be  place<l  in  a  new 
aviary,  and  let  the  one  of  the  other  sex  that  most  elf»sely  resembles  it 
in  that  respect  be  placed  with  it.  When  the  erowdiu*;  in  any  aviary 
becomes  injurious  to  the  health  of  the  birds  let  the  numbers  be  indis- 
criminately reduced.  Let  this  process  be  continued  many  gent^rations, 
the  inmates  in  all  the  aviaries  being  fed  on  the  same  food,  and  in  every 
respec't  treated  alike,  and  what  wiU  be  the  result! 

Ko  experienced  breeder  will  hesitate  in  assuring  us  that  under  such 
treatment  a  multitude  of  varieties  will  be  formed,  many  of  which  will 
be  very  widely  divergent  from  the  original  wild  stock.  In  other  words, 
eumulative  segregation  will  produce  aeeumtdated  divergeneef  though  there 
i«  no  9elecHon  in  the  sense  in  vhieh  natural  station  is  selection. 

Again,  let  ns  take  the  same  ten  pairs,  and  putting  them  into  one 
large  aviary,  let  them  breed  freely  together  without  any  segregative 
influence  coming  in  to  affect  the  result^  and  who  does  not  know  that 
the  type  wonld  remain  essentially  one,  though  a  considerable  range  of 
individual  variation  might  arise.  That  is,  without  segregation  no  diver- 
gence of  type  will  arise, 

THE  r^ATUKAL  LAW  OF  CUMULATIVE  SEGREGATION. 

I  shall  now  show  that  there  is  in  nature  a  law  of  cumiUative  segrega- 
tion. There  are  large  classes  of  activities  in  the  organism  and  in  the 
environment  that  conspire  to  produce  segregate  breeding;  and  to  pro- 
duce it  in  such  a  way  that  in  a  vast  multitude  of  causes  it  becomes  a 
permanent  fact,  which  no  cause  that  we  are  acquainted  with  can  evt^ 
obliterate.  Moreover,  when  one  form  of  segregation  has  become  fully 
established,  we  And  that  the  ditlerent  branches  are  liable  to  be  a^ain 
subjected  to  segregative  intluenees,  by  whicli  each  branch  is  subdi- 
vided, and  in  time  difterenti:)t< d  into  divergent  forms  that  are  not 
liable  to  inter-cross  in  a  state  oi  nature. 
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Now,  as  we  have  jnst  pointed  out,  wc  know  from  the  f'iiiidaiiicnt;i] 
laws  of  tlu'  orpinic  world,  that  cinnnlativc  segregation  oC  this  kind 
must  |»nMlu<'c  cunuil:iliv«i  divrrgLMicc  o\'  typt's. 

The  segrejjatioii  tluit  r<  suits  from  thr  nattiral  ciuises  ciiumrrated  in 
thispapor  is  ciiinulatiN in  two  res])p{*ts.  hi  tlic  (irst  place,  rverv  iifw 
form  of  .sc^n'^atiou  that  now  ai))M';iis  depends  on,  and  is  suik  i  uiiiH»stHi 
upon,  forms  of  segrej^ation  that  havo  been  jnevionsly  iiKhued;  for 
whrn  nt'uativc  segregation  arises,  and  tin'  varirtics  of  a  species  l>e- 
conic  less  and  less  fertile  with  each  other,  the  couiph  te  infertility  that 
has  existed  between  them  and  some  other  species  does  not  disappear, 
nor  does  the  positive  segrej^ation  (that  is,  the  prevention  of  tlie  eon- 
sorting  of  the  species  c •hariw»terize(l  by  this  nuitnal  mcajKicity)  cease. 
The  means  l>y  which  tfic  males  and  females  of  one  species  find  eiich 
other  are  not  abro«,Mtcd  m  hen  the  species  falls  into  segregated  varie- 
ties. In  the  second  phjce,  whenever  segregation  i>  ilirectly  piodiieed 
by  some  quality  of  the  organism,  variations  that  }>ossess  the  endow- 
ment in  a  superior  fkgree  will  have  a  largei  shiire  in  producing  the 
segregated  fonuH  Of  the  next  generation,  and  accordingly  the  segrega- 
tive endowment  of  the  next  generation  will  be  greater  than  that  of  the 
present  generation;  and  so  with  ea4'h  Bnccessiye  generation  the  aegre- 
gatiou  will  become  increasingly  complete. 

The  principle  of  cumulative  segregation ,  first  in  its  independoit 
action,  and  still  further  when  combined  with  the  different  principles 
by  which  the  divergence  of  tbe  segregated  branches  is  Intensifted^gives 
a  formal  explanation  of  the  ever-expanding  diversities  of  the  organic 
world.  It  shows  bow  varieties  arise  and  pass  into  species,  how  species 
pass  into  genera,  genera  into  families,  families  into  orders,  and  orders 
into  classes  and  the  higher  divisions,  as  far  as  evolution  by  descent 
extends.  It  brings  to  light  the  dependence  of  this  whole  process  on 
the  influences  that  produce  segregation ;  and  shows  how  these  infln- 
ences,  added  to  variation,  heredity,  and  the  other  acknowledged  powers 
residing  in  organisms,  must  produce  the  phenomena  of  divergent  evo- 
lution. 

COMPETITIVE  DISKUPTION. 

Before  ent«M  ing  ni)on  tin?  (iisciission  of  the  direct  causes  of  cuniula 
five  segregation,  let  us  briefly  consider  ala\\  rcsuliin^  from  the  compe- 
tition of  kindred  with  each  othei-,  wliidi  brinj^s  to  ligiit  the  fact  that 
such  c*»mpetition  is  one  of  the  most  important  factors  in  preparing  the 
way  for,  an<l  in  giving  intensity  Uk  tlic  activities  that  k>ad  to  segrega- 
tion and  divergent  evolution.  It  is  manitest  that  competiti(»n  toridt-n- 
tii'al  resources  and  geograi)liiral  segregation  are  conditions  v,  lo*  ii  can 
not  exist  at  the  same  titnc  between  tlie  same  members  of  any  six'cies; 
but  it  is  also  manifest  that  when  there  are  no  naiiiial  barriers  separ 
atiug  the  ditt'erent  districtH  of  afi  area,  part  of  which  is  occupied  by  a 
si>ecies,  pressure  for  food  through  a  great  increase  in  the  populartiou 
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will  teud  to  distribute  the  sppcies  over  tlu'  whole  area :  Jiml  if  the  avail 
ahle  renonrces  in  the  difl'Mcut  districts  are  eonsidrrably  <liverw,  tlu* 
overflow  of  population  from  the  erowdi'd  district  will  be  sid3ieH4'd  to 
a  necessary  change  of  h^bit^s;  and  thuH,  through  eoni}>etitioii,  there 
•will  "he  thi'  disruption  of  old  relations  to  tlie  environment,  and  tlie 
bringing  in  «»f  eoinlitions  that  give  the  highe.^t  ellieiency  and  the  lull- 
est  oi)j)ortiinii y  to  all  the  activitieH  that  produce  segregation.  In  the 
ease  of  aninuds,  no  condition  can  tend  more  strongly  to  pro<lnce  migra- 
tion than  scarcity  of  food  in  the  old  habitat;  and  in  the  case  of  both 
plants  and  animals,  a  great  increase  in  the  numbers  that  are  exj>osed 
to  the  winds,  currents,  and  (»ther  transpoi  ting  inthienees  of  the  envi- 
ronment increases  the  probability  that  individuals  will  be  carried  to 
iiew  districts  where  circum8tan<*es  will  allow  of  their  multiplying,  and 
where  they  will,  at  the  same  time,  be  prevented  from  crossing  with  the 
original  stock.  In  many  cases  the  segregation  thus  brongbt  about 
will  be  in  distriets  where  the  environment  is  the  same,  and  in  other 
cases  the  pvessnre  for  food  or  other  resourees  will  lead  portions  of  the 
species  to  take  np  new  habits  in  the  effort  to  appropriate  resources  not 
previoasly  used;  and  through  these  new  habits  they  will  often  be  seg- 
regated from  those  maintaining  the  original  habits.  I  shall  hereafter 
show  that  in  both  these  eases  there  is  a  tendency  to  divergent  evoln* 
tion* 

I  at  one  time  thought  of  describing  this  principle  as  a  form  of  segre- 
gation, calling  it  domifwiUmdl  Megreffaium;  but  ftdler  reflection  convinces 
me  that  the  domination  of  the  strong  over  the  weak  is  not  a  form  of 
segregation,  bnt  rather  a  cause  that  prepares  the  way  for  segregation, 
by  forcing  portions  of  the  community  out  of  their  inherited  relations  to 
the  environment. 

(CHAPTER  UI. 

BE8CBIPTION  AND  OLASBIFICATTOX  OF  THE  CAUSES  OF  CtnCULATTVE 

SEG&BGATION.* 

A.  ENVIRONAL  SEGREGATION. 

Environai  segregation  is  segregation  arising  from  the  relations  in 
which  the  organism  stands  to  the  envimnnient. 

It  iiu  hides  four  classes,  wliieli  1  call  industrial,  chronal,  spatial,  and 
ai'tiiicial  segregation.! 

(a)  Industrial  segregation, 

is  segregation  arising  from  the  activities  by  which  the  organism  pro- 
tects itself  against  adverse  influences  in  the  environment,  or  by  which 
it  finds  and  appropriates  special  resources  in  the  environment. 

"  la  the  i'uUowmg  chajtlerH  uumerals  are  uttHclied  tu  wbut  I  cousidiT  8«parute 
eultes  of  flegregatioo  independent  of  human  purpose. 

t  Francis  Gal  ton  has  snggaBted  another  claaB,  which  might  appropriately  be  called 
fhrlilUational  segregation. 
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The  dinerent  forms  o,  uulnstrial  Hefrregutiou  are  su^tejitational,  pro- 
tectaonal,  and  iiidili<>ation;il  Ke^roirnfjoii. 

1  ^^J^^  production  ol  industrial  j;ivg;ition  it  is  necessary  that  thm 
slionW  be,  m  the  same  euvironniei»t,  a  diversity  of  fully  and  .»f  npiirox. 
imately  available  resources  more  or  h-ss  sci,;,rat»'d  from  on.-h  other 
aDdintbeorfranisni  some  diyeraity  of  a<Iapt;,t io„  lo  Uiese  resourees' 
accompanied  by  vowm  of  seareli  ami  ol  (lis.  riininatioi.,  by  which  it  is 
able  to  And  the  resources  for  which  it  is  best  titted  aud  \o  adhei^  to 
the  same  when  found. 

relation  in  which  these  causes  stand  to  each  other  ami  throuL^h 
which  they  produce  segregation  may  be  described  as  si^paraf  ion  aoord. 
ing  to  endowment-prodnced  by  endeavor  according  to  c.Hiowi.a  i.t 

It  18  evident  that  if  initial  variatioD  presents  in  any  .  asc  a  dix  crsity 
of  adaptations  to  snnonnding  resonroes  tliat  can  not  be  iollowe4  with 
oat  separating  those  diflTerently  endowed,  we  shall  hayc,  in  the  very 
nature  of  such  variation,  a  cause  of  segregation  and  of  divergent  evo- 
Intion    Some  slight  variation  in  the  digestive  powers  of  a  few  indi- 

fo!lr  f  I*  ^"^^^  ^""^  ^^"^^  toliveexdusivelyonsome  abundant 

foim  of  lood,  which  the  species  has  heretofore  only  occasionally  tasted. 
In  the  pressure  for  food  that  arises  in  a  crowed  community  these  take 
np  their  pennan  ent  abode  ^^  he[e  the  newfonn  of  ibod  is  most  accessible 
and  thus  separate  themselves  ftom  the  original  form  of  the  species' 
These  snndarly  endowed  forms  will  therefore  breed  together,  and  the 
o  tspnno  w.ll,  according  to  the  law  of  diversity  through  segiegation  be 
Htdl  hcttc.  adapted  to  the  new  form  of  fo4  And  t^ln^ing 
adaptat.o,.  with  increasing  divergence,  might  continue  for  many  ge,^ 
erations,  thougli  every  individual  should  come  to  maturity  and  propa. 

dhe;Vitr!/''  \  r^^  th-^e  were  no  enhancing  of  the  eifect  through 
di  ers.ty  ot  scjccdon,  or  indeed  though  any  other  cause  producing 
ntcnsive  segre^iat^.n.  And  wlien  different  forms  of  intention  do  arise 
they  may  be  entirely  in.lepeiHlent  of  change  in  the  envirenmenCtito 
only  change  ben.^^  n.  thv  iWu^s  or  functions  of  the  organism 

In  choosing  a  nan,.  f.,r  this  form  of  segregation  I  first  thought  of 
calling  It  physioloKu  al  or  functional  segregation;  but  such  a  name  is, 
on  closer  examination,  found  to  imply  botl.  too  much  and  too  httle-  fo7 
on  l^e  one  hand  there  is  probably  no  tonn  of  segregation  tLt  is  not  in 
^ron  fL  Ml '  T'  fT"'  l>''.v-"l<>.i-il  or  functional  causes, 

on  .      'i        ^''^  '^^'"'^     "  ^"  segregation  is  as  dependeni 

adhenng  to  the  sitnatun.  for  which  it  is  t,est  htled,  as  it  is  on  the  iidtiS 
iS^rtoTnnll^^^^^^^^         Vkvsiologicnl  adaptations  by  w hic^  tl 

uwuu  tii  a  vasi  nund>ei  ol  seeds,  s|»orc6,  or  germs,  and 
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the  same  situation  is  maintained  by  a  Iohh  of  migratioual  power  as  soon 
as  the  jirerms  begin  to  develop.  In  these  lower  orgatiisms  it  is  evident 
that  the  success  of  the  individual  mu8t  depend  on  its  physiological 
rather  tlian  its  psytrholo^ical  ada])tiitions;  and  if  an  initial  divergence 
of  adaptations  renults  in  a  sligiit  ditVerent'e  in  the  kinds  that  sueeeed  in 
germinating  in  contrastiid  situations,  the  ditferenee  is  directly  due  to  a 
diversity  in  the  forms  of  natural  seleeti(m  atfeetinfj  the  seed,  and  tiie 
separation  is  what  1  hereafter  deseribeas  loeal  separation,  passing  into 
IcH'al  segregation.  We  tlieielore  see  f1i;it  whnt  T  here  e:ill  industrial 
segregation  dcpeiuls  on  ])syeliol()^ii'al  powers  acting  in  aid  of  divergent 
physioloiofiral  ;Kl:i})ta:  >ns  to  the  environment,  or  in  aid  of  adaptations 
tliar  are  put  to  ditit  iriit  uses, 

UbservvUion  shows  that  there  is  a  nmltitude  of  cases  in  which  en- 
deavor a<iCording  to  endowmentbrings  together  those  similarly  endowed 
and  eau^^es  them  to  hreed  tofjether ;  and  w  hvn  the  spe4'ie8  is  thus  divided 
into  two  or  more  gioups  soiiiewliat  differently  endowed,  there  will  cer- 
t-iiiiily  be  an  inereiised  divergence  in  the  offs])ring  of  tlie  i)arent8  thus 
segregated;  and  so  on  lit  each  suceessive  generation,  a8  long  as  the 
individuals  lind  their  places  according  to  their  endowments,  and  thus 
propagate  with  those  similarly  endowed,  there  will  be  aeciimulated 
divergence  in  the  nexi  y>  iieraticm.  Indeed  it  is  evident  that  en<leavor, 
according  to  endowment,  may  produce  under  one  environment  what 
natural  selection  produces  when  aided  by  local  separation  in  different 
enyironments.  As  it  produces  the  separate  breeding  of  a  divi  rgent 
form  without  involving  the  destruction  of  contrasted  forms,  it  is  often 
the  direct  cause  of  divergent  transformations;  while  natural  selection, 
which  results  in  the  separate  breeding  of  the  fitted  through  the  ^ilnro 
of  the  unfitted,  can  never  be  the  cause  of  divergence  unless  there  are 
concurrent  causes  that  produce  both  divergent  forms  of  natural  selec- 
tion and  the  separate  breeding  of  the  difibreut  kinds  of  variations  thus 
selected. 

Hu€tvdiMalintenHan,—AmlStier  law  is  usually  believed  to  be  connected 
with  endeavor  which,  if  it  exists,  must  conspiro  to  enhance  its  tendency 
to  produce  divergent  evolution.  I  refer  to  the  influence  which  the 
habitual  endeavor  of  the  parents  has  on  the  inherited  powers  of  the  off- 
spring. We  may  call  it  the  law  of  endowm<'ut  of  offspring  iu;cording  to 
the  exereiseor  endeavor  of  parents, or, more  briefly,  suetndinal  intension. 
The  inherited  efiects  of  use  and  disnse  have  been  fully  recognized  by 
Dm^in,  Si)encer,  Cope,  Murphy,  and  others,  and  need  not  here  bo  dis- 
cussed. The  one  point  to  which  I  wish  to  call  attention  is,  that  in  order 
that  diversity  of  use  shoidd  produce  divergent  evolution,  it  is  necessary 
that  free  crossing  should  be  prevented  botweeTi  the  different  sections  of 
the  species  in  which  tlie  diversity  of  use  is  found.  Now  this  condition 
of  separate  breeding  is  often  secured  by  iiidnstrial  segregation.  lu 
other  words,  the  law  of  endeavor,  aceordinj;  to  endowment,  oltcn  se- 
cures separation  according  to  endowment,  and  this  gives  an  opportunity 
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for  the  iitheritablo  effects  of  diversity  of  endeavor  to  be  accamulated  iu 
suct'essive  geiieratlons,  and  in  this  way  both  laws  conspire  to  produce 

divergent  evolution. 

In  the  relation  of  these  two  t'iiet^jrs  we  have  a  striking  example  of 
the  peculiar  interdependence  of  vital  phenomena.  Divertsity  of  endow^ 
nieiit  is  the  canse  of  diversity  of  endeavor  and  of  segregate  breeding, 
and  diversity  of  endeavor  with  segregate  breeding  i.s  the  cause  of 
increased  diversity  of  endowment.  It  is  very  similar  to  tlie  relation 
between  power  and  exercise  in  the  individual.  Without  power  there 
cAu  be  no  exercise,  and  without  exercise  there  can  be  no  oontinnanoe 
or  growth  of  power. 

We  therefon'  sc^-  that  the  eft'ects  of  ifidnstiial  segregation  are 
specially  liable  to  be  enhanced  by  tluit  form  ot  inicusive  segregation 
which  I  have  suggested  should  be  caJlcil  suptn<liiial  intension. 

Simple  and  familiar  as  the  principles  oi  mdustrial  scgresrution  ;ni<i 
suetudinal  intention  may  seem,  their  consistent  application  to  the 
theory  of  evolution  will  throw  new  light  on  a  wide  range  of  [noblems. 
This  law  of  divergent  evolution  through  industrial  segregation  rests 
on  facts  that  are  so  fully  a<*knowUHlgetl  by  all  partie^s,  that  it  seems  t4» 
be  a  supeiliuous  work  to  gather  evidence  on  the  subject.  It  may 
however  be  profitable  to  consider  briefly  whether  the  crises  are  frequent 
in  which  dilierent  habits  of  feeding,  of  defense,  or  of  nest-building 
become  the  cause  *)f  separate  breeding  by  which  the  same  habits  are 
maintained  in  one  line  of  descent  without  serious  interruption  for  many 
generations*  It  is  important  to  rem^uber,  (1)  that  the  separate  breed- 
ing will  arise  with  equal  certainty  whether  the  diversity  in  the  habits 
has  been  initiated  by  original  diversity  in  the  instincts  and  adaptations 
of  the  different  variations^  or  by  the  crowding  of  population  indncing 
special  efforts  to  find  new  resources,  and  leading  to  diversity  of 
endeavor;  and  (2)  that  in  either  case  the  resnlt  is  what  is  here  called 
industrial  segregation.  In  the  first  case  theprocess  is  directly  segrega- 
tive, while  in  the  second  case  it  is  primarily  separative,  but  (aeoording 
to  the  principle  discussed  in  the  second  section  of  last  chapter)  inevita- 
bly passes  into  segregate  breeding.  Suetudinal  intention,  or  divergent 
evolution  through  diversity  of  use,  will  operate  as  surely  in  the  one 
case  as  in  the  other. 

1 .  SmtmiaHanal  segrff/atum  arises  from  the  use  of  different  methods 
of  obtaining  sustentation  by  members  of  the  same  species. 

There  can  be  no  doubt  that  of  the  innumerable  cases  where  phyto* 
phagic  varieties  (as  they  are  sometimes  called)  of  insects  exists  a  con* 
siderable  proportion  wonldbe  found  on  investigation  to  be  permanent 
varieties  producing  offspring  that  are  better  adapted  to  the  nse  of  the 
special  form  of  food  consumed  by  the  p-n  cuts  than  are  the  offspring  of 
other  varieties ;  audit  is  evident  that  if  the  peculisr  )iabits  of  each 
variety  had  no  tendenry  to  produce  segregative  breeding  this  result 
would  not  be  reached;  for  each  variety  would  be  promiscuously  miu- 
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gled  with  every  otiier,  and,  though  the  ttnuhMicy  to  variation  might  be 
gr<>iitly  increased,  the  regular  production  of  any  one  variety  of  young 
would  l>e  prevented. 

A  large  mass  of  lacts  could  be  ejusily  gathered  illustrative  ofsuBten- 
tational  5>egrre<ratif)ii ;  hut  ns  tln'  ]»n*nei])le  will  ]»robably  be  denied  by 
no  OIKS  we  sliouldpass  ou  without  further  eiipaiifiion  of  this  part  of 
the  subject. 

2.  Profff'tioual  sff/rct/afion  is  segregation  from  the  list-  of  different 
methods  of  protection  against  adverse  influente.s  in  the  environment. 

When  a  new  enemy  enters  tl»e  field  (K'en]»ied  by  any  speeies  diflerent 
methods  of  est-apc  or  defense  are  often  oi)en  to  the  members  of  the 
one  speeies,  and  the  use  of  these  <lit1»  rent  methods  must  sometimes 
re>4ult  in  the  segregaiiun  of  the  members  aeeording  to  the  methods 
adopted.  Some  may  hide  in  thii*kets  or  hrdes, while  others  preserve 
themselves  by  flight.  Supposin;;  the  speei«'s  to  be  an  edible  butterfly 
occupying  the  open  fields,  and  the  new  enemy  to  be  an  insectivorous 
bird  also  keeping  to  the  open  country,  certain  nu^mbers  might  escajfe 
by  taking  to  the  woodlands,  while  others  might  remain  in  their  old 
haunt,  gaining  through  protectional  selection  more  and  more  likeness 
to  some  inedible  species. 

.3w  NidiJieaUonal  segregation* — ^Let  us  now  consider  the  effects  of 
divergent  habits  in  regard  to  nest-building.  It  is  well  known  to 
Ameriean  ornithologists  that  the  elilf  swallow  of  the  eastern  portions 
of  the  United  States  has  for  the  most  part  ceased  to  buHd  nests  in  the 
cliffs  that  were  the  original  haunts  of  the  species,  and  has  availed  itself 
of  the  protection  firom  the  weather  offered  by  the  eaves  of  civilized 
hooses;  and  that  with  this  change  in  uest-bnilding  has  come  a  change 
in  some  of  its  other  habits.  Now  there  is  reason  to  believe  that  if  the 
number  of  houses  had  been  limited  to  a  hundredth  part  of  those  now 
existing,  and  if  that  limited  number  had  been  very  slowly  supplied, 
this  gradual  change  in  some  of  the  elements  of  the  environment  would 
have  resulted  in  divergent  forms  of  adaptation  to  the  environment  in 
two  sections  of  tlie  same  species.  One  section  would  have  retiiined  the 
old  habit  of  building  in  the  elitls,  with  nil  the  old  adaptations  to  the 
circumstances  that  depen<l  on  that  habit;  while  another  section  of  the 
species  would  have  availed  itself  of  the  new  opportunities  for  shelter 
under  the  eaves  of  houses,  and  would  have  changed  their  inherited 
adaptations  t-**  meet  the  new  habits  of  nest  buildinp:  and  of  feeding. 
It  is  n]so  ♦•vident  that  the  prevention  of  free  inter  breeding^  between  the 
d liferent  sections  can sed  by  flie  diversity  of  hnbits  would  have  been 
an  essential  factor  in  the  <liverf;4'net;  of  character  in  tlie  sections. 

It  simply  remains  to  consider  whether  the  industrralhabit  that  sepa- 
rates an  individnal  from  the  mass  (»f  the  8i)ecies  will  nec  essarily  leave 
it  alone,  without  any  chance  of  tindiug  a  consort  that  may  join  in  pro- 
ducing a  new  intergenerant.  The  answer  is  that  there  is  no  such 
necessity.   Though  it  may  sometimes  hap|)eu  that  an  individual  may 
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be  st'parsifod  from  all  roiiipanioiis  by  its  iiidiistrinl  habit,  it  is  usually 
fountl  that  tliose  that  a1  nnc  time  and  one  ])la(  e  a(b)]>t  the  Imbitar** 
usually  sultt(;ient  to  k<M'p  up  the  new  straiu,  it'  they  succeed  in  secmiuti 
the  needed  HUKteuance. 

(b)  Chron^l  sa/reffation, 

is  segregation  arisiog  from  the  relations  in  which  the  organicim  stands 

t/O  times  and  seasoiis. 

I  distiu^iish  two  lorms— oydical  and  seasonal  segregation. 

4.  Cyclical  seffrcffafion  is  segregation  arising  from  the  faet  that  tlie 
life  cycles  of  the  different  sections  of  the  species  do  not  mature  in  the 

same  years. 

A  line  illustration  of  this  form  of  segregation  is  found  in  the  ease  of 
Cicada  Hcptrmtlveim,  w  liosr  inotropolis  is  in  Virginia,  Maryland,  and 
Delaware,  tlioiijxli  many  outlying  hioods  aic  found  in  otJier  regions 
east  ol  the  Mi.sskssii>pi  liiver.  The  typi<'.al  form  lias  a  life-eyeie  of  sev- 
enteen years,  but  there  is  a  speeial  race  {Cicada  trcdeeim,  Kiley)  that  is 
sci>arated  from  the  tyi>ieal  form,  both  locally  and  c  ln  (Uially.  As  the 
life  i  yele  ot  this  l  aee  is  thirteen  instead  of  Seventeen  years,  even  if  oc- 
cupying the  same  districts  and  breeding  at  exa<'tly  the  same  season, 
inter  la  tt'iliug  couhl  occur  between  the  two  forms  only  ouee  in  two  hun- 
dred and  twenty-one  years,  oron<  ein  thirteen  generations  of  the  longer 
lived  race,  and  once  iu  seventeen  generations  of  the  shorter  lived  race. 
During  the  year  1885  the  two  races  appeared  simultaneonslj.  The  op- 
portunity for  testing  wlietber  tliey  would  freely  interbreed  if  bnmght 
together  has  therefore  passed  not  to  return  till  the  year  2106;  but  the 
distribution  of  the  two  races  in  difTereut  districts  seems  to  indicate 
that  local  segregation  has  had  an  impoi  tant  influence  in  the  develop- 
ment of  the  race.  It  is  manifest,  however,  that  if  during  a  period  of 
local  separation,  or  if  during  the  period  of  two  hundred  and  twenty- 
one  years  of  cyclical  separation  after  the  thirteen>year  race  was  first 
formed,  this  race  should  become  modified  in  the  season  of  its  appear- 
ing, there  would  after  that  be  no  mingling  of  race,  though  brought  to- 
gether in  the  same  districts.  This  would  be  seasonal  segregation^ 
which  we  shall  consider  in  the  next  section ;  but  what  is  of  special  inter- 
est here,  as  an  example  of  complete  eyeli(*a1  segregation,  is  the  fact  that 
at  Fall  liiver,  lyfass.,  there  is  a  brood  of  the  septemdwim  form,  due  a 
year  later  than  the  universal  time  of  appearing.* 

In  any  s})ecies  where  the  breeding  of  eaeh  successive  generation  is 
si'parated  by  an  exact  measure  of  time  which  is  very  rigidly  regulated 
by  thi^  constitution  of  the  species,  cyelieal  segregatiou  will  follow,  if 
tlirough  some  extraordinary  <'ombination  of  circumstanees, members 

*  8ee  statemeot  by  JProf.  C.  V.  Rilcfjr,  in  Scienctf  rol.  vii  p.  4.  For  pftttioalancoii- 
eerninir  the  distTibutlon  and  habits  of  tb»  species,  see  a  ]iapvr  by  Prof.  Riley,  read 

lu-ftiro  tli<<  niul<»>;i('al  Soi  iety  <if  Wosbiagton,  May  30,  1885,  ojrtraots  from  wbichare 
H^iveu  ill  .Seieucr,  vol.  v,  j*.  51S. 
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siiflk-iiMil  to  i)n»i)iipit<»  tlie  species  are  either  liastoned  or  delayed  in 
their  developineut,  and  tlms  thrown  out  of  synchronal  compatibility 
with  tlie  rest  of  the  species.  If,  after  being  retarded  or  hastened  in 
develoi»Y)eiit  so  tbat  iiart  of  a  cycle  is  lost  or  ^ued,  tlie  old  constitu- 
tional time  measure  reasserts  its^the  Begr(>^'atiou  is  complete. 

80  far  as  this  one  point  relating  to  the  time  of  maturing  is  concerned 
the  ooDstitntioual  difference  is  segregative,  while  in  every  other  respect 
it  will  be  simply  separative,  except  as  separation  passes  into  segrega- 
tion. The  Fall  Biver  brood  of  Cicada  septemdecim  being  entirely  separ- 
ated fh>m  all  other  broods  of  the  same  race  by  being  belated  a  year 
may  be  modified  by  forms  of  natural  selection  that  never  arise  in  these 
other  broods.  And  this  may  be  the  case  even  if  a  brood  observing  the 
ordinary  time  is  always  associated  with  it  in  locality* 

5.  Seasonal  teffregatian  is  produced  whenever  the  season  for  repro- 
duction in  any  section  of  the  species  is  such  that  it  can  not  interbreed 
with  other  sections  of  the  Hpecies.  It  needs  no  ar^nnnt  nt  to  show  that 
if  in  a  species  of  plant  that  regularly  tlowera  in  the  spring,  there 
arises  a  variety  that  regularly  flowers  in  the  autumn,  it  will  be  pre- 
vented from  interbreeding  with  the  typical  form.  The  (piestion  of  chief 
interest  is,  Under  what  circumstances  are  vni  ieticsof  this  kind  likely 
to  arise?  Is  a  casual  si)ort  of  this  kind  likely  to  transmit  to  subse- 
quent genprntions  a  i>crmanently  changed  constitution  ?  If  not,  how 
is  the  new  constitution  accjuired?  One  obvious  answer  is  that  it  m.iy 
arise  under  some  special  influence'  of  the  enviroinncnt  ti])on  menilicia 
of  the  species  that  are  geogmphically  or  locally  segregated  from  the 
rest  of  the  8i>c«'ies. 

l»ut  may  not  the  variation  in  the  season  of  llowci  in^  be  the  cause  of 
sejuu  gation  that  will  diiectly  tend  to  produce  jiicatt-r  variation  in  tiuit 
respect  in  the  next  ^reneration,  and  soon  till  the  clivergence  in  the  con- 
stitutional adaptation  to  season  is  carried  to  the  greatest  exlimK*  that 
is  cornjiatible  with  the  environment ?  1  believe  that  it  not  only  may 
but  must  have  that  eftect:  but  we  should  remember  that  the  average 
form  which  flowers  at  the  height  of  the  season  will  so  vastly  predomi- 
nate over  the  extreme  forms  that  the  latter  will  be  but  stragglers  iii 
coinjiarisou. 

In  regard  to  the  one  point  of  the  season  of  readiness  for  propagation 
this  principle  is  se^iegative;  but  in  other  respects  it  is  simply  scpara- 
tivoy  unless  through  the  principle  of  correlated  variation  other  char- 
acters are  directly  connected  with  the  constitution  that  determines  the 
season.  It  will  be  observed  that  seasonal  segregation  is  produced  by 
a  parallel  and  simultaneous  change  in  the  constitution  of  members  in 
one  place  sufficient  to  pro[»a gate  the  species;  while  cyclical  segregation 
iS  pnMlui*ed  by  a  simultaneous  acceleration  or  retardation  in  the  devel- 
opment of  members  in  one  place  sufficient  to  propagate  the  species 
without  disturbing  the  regular  action  of  the  constitution  under  ordi- 
nary circumstances. 
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{(')  Spatial  Hegregalioti 

is  se^rcgatiuu  arising  lirom  the  relations  iii  which  the  orgiuiisiii  Mtaiidci 

to  8pjw«. 

I  distinguish  two  loniis,  viz:  geo^^raphical  and  loral  sr^^K  u.ukuj. 

(icixjruphival  HeifrrffntioH  is  segregation  that  arises  from  the  (iistrihii- 
tion  of  the  speeies  in  disincts  separated  by  geographieal  barriers  that 
prevent  free  inter  breeding.  Decided  diflereneea  of  climate  in  ncigli- 
boring  districts  and  regions  may  be  classed  as  geographical  V)arrierR. 

Jjoca I  segregation  is  segregaiion  that  arises  when  a  species  with  small 
I>owera  of  migration  and  small  opportunities  for  transjH»rtation  ha« 
been  in  time  very  widely  distributed  over  aii  area  that  is  jiot  subdi- 
vided by  geographical  barriers.  The  segregation  in  this  case  is  due  to 
the  disproporti(m  between  the  size  of  the  area  occupied  and  the  ]>ower» 
of  communication  existing  between  the  members  of  the  .species  occa- 
pying  the  different  parts  of  the  ftrea.  Though  it  ia  often  dftBcnIt  to 
say  whether  a  given  case  of  segrega  tion  shonld  be  dassed  as  geograph- 
ical or  local,  BtiU  the  distinction  will  he  found  nseinl,  for  the  results 
will  differ  according  as  the  segregation  is  chiefly  due  to  harriers  or  to 
wide  difiuBion  of  the  sitecies.  In  geographical  segregation  the  result 
is  usually  the  deyelopmeut  of  well-defined  varieties  or  species  on  oppo- 
site sides  of  the  harriers;  hut  in  local  segregation  it  often  happens  that 
the  forms  found  in  any  given  locality  are  connected  with  those  in  sur- 
rounding localities  by  individuals  presenting  every  shade  of  interme- 
diate character;  and  in  general  terms  it  may  he  said  that  the  forma 
most  widely  separated  in  6])ace  are  most  widely  divergent  in  charac- 
ter. It  is  of  course  ai)parent  that  when  the  divergence  has  reached  a 
certain  i)oint,  the  ditt'erentiated  forms  may  occupy  the  same  districts 
with()ut  inter-breeding,  for  they  will  be  kept  apart  by  some,  if  not  all, 
of  the  different  forms  of  industrial,  chronal,  conjunctional,  and  impre^g- 
national  segregation. 

Three  different  forms  of  spatial  segregation  may  be  distinguished 
according  to  the  causes  by  which  they  are  produced,  viz : 

6.  Mhn'dtional  tegregaiion^  caused  by  powers  of  locomotion  in  the 
organism. 

7.  Trnusporfntiontd  segre<j((tio)i,  caused  by  activities  in  the  environ- 
nicnt  th;if  distribute  the  organism  in  different  ilistricts  (prominent 
among  X\u'<r  arc  <  urrcnts  (tf  atmospliere  and  of  water,  and  the  action  of 
migratoiv  spec  us  upmi  ih(ise  that  can  simply  cling). 

8.  Gcohxjirnl  sdjrcgatKniy  Qnn^i'd  !)y  <-rc<)h»tiical  changes  dividing  the 
territory  ot'c 111 )ied  by  a  species  into  two  <*i  more  .sections.  Kor  exam- 
ph',  geological  snbsidencc  may  ilividc  tiic  ciintinuous  area  occupied  by 
a  sijecies  into  s<  \  rral  islands, .sepaniteti  by  t;hauuels  whi<  h  t  he  creiituivs 
in  ipicstion  can  not  pass. 

I\Iigration  diJlers  from  tmnsporlat  ion  simply  in  that  the  former  is  the 
direct  result  of  activities  in  the  organism,  and  the  latter  of  actiWties 
in  the  environment;  and  though  the  distribution  .of  every  species  de- 
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jH'ruls  on  the  combiiH^l  action  ofbotli  classes  of  activities,  it  is  usually 
easy  to  det<»rmino  to  wliicli  claws  the  carrying  jmwer  belongs.  The 
qualities  of  the  t4ii.^tk>  dowu  euablo  it  to  tioat  iJi  tlie  air,  but  it  is  the 
wind  that  carries  it  afar. 

Sonu  (le;jree  of  local  seffregration  exists  whenever  the  members  of  a 
Hpeeics  protiiiced  in  a  given  areii  are  more  likely  to  interbreed  with  ea<di 
other  than  with  those  produced  in  surrounding  areas,  or  whenever 
extraordinary  dispersal  plants  a  colony  beyond  the  range  of  ordinary 
dispersaL  In  other  words,  when  those  produced  in  a  given  district  are 
more  nearly  related  with  ec«cb  other  than  with  those  produced  in  sor- 
rounding  districts,  there  local  segregation  has  existed. 

There  is  one  important  respect  in  which  spatial  segi-egation  diflbrs 
from  all  other  forms  of  environal  segregation,  namely,  in  its  ordinaiy 
operation  it  does  not  depend  directly  upon  diversity  in  the  qualities  and 
powers  of  the  organism.  The  dispersion  of  the  members  of  a  species  » 
would  not  be  prevented  if  each  was  exactly  like  every  other;  though 
of  course  if  there  were  no  power  of  variation,  separate  breeding  would 
have  no  influence  in  producing  divergence  of  character.  It  fbUows  that 
every  species  i»— or  is  more  or  less  liable  to  be— alTected  by  spatial 
segregation;  and  it  often  happens  that  other  tbrms  of  segregation  arise 
through  the  previous  operation  of  this  form;  but  as  spatial  segregation 
prevents  organisms  from  crossing  only  when  sei)arated  in  space,  it  must 
always  be  re-cnforced  by  other  forms  of  segregation  before  well-deAned 
siR'cies  are  produced  that  are  capable  of  occupying  the  same  district 
without  interbreeding.  The  vast  majority  of  the  divergent  forms  arising 
through  local  segregation  are  re-integrated  with  the  surrounding  forms, 
new  divergences  constantly  wmiinjj  in  to  take  the  place  of  the  old;  but 
if,  during  its  brief  period  of  local  divergence,  industrial  or  clironal 
segregation  is  introduced,  the  variefv  becomes  more  and  more  differon- 
tiate<U  and,  as  one  after  another  the  (liffcr<Mit  forms  of  reflexive  sejire- 
gation  arise,  it  passes  into  a  well-detincd  spei-ies.  There  is  however 
reason  t4>  believe  that  tlie  order  of  events  is  often  the  reverse,  retlexive 
tbrms  uf  segregation  Ix  ing  the  cause  uf  the  lirst  divergences. 

As  spatial  segregation  does  not  depend  upon  diversity  in  the  quali- 
ties and  iK>wers  of  the  organism,  so  also  it  does  not  usually  result  in 
distributing  the  organism  in  different  localities  according  to  their  dif- 
ferences of  endowment.  The  causes  that  produce  it  are  primarily 
separative,  n<>t  segregative. 

Migration  is  proilucttd  by  the  natural  jKJwers  of  the  organism,  acting 
under  the  guidance  of  instincts  that  usually  lend  a  group  of  individuids, 
capable  of  propagating  the  siiecies,  to  migrate  together;  while  the 
organisms  that  are  mostdeiiendenton  activities  in  the  environment  for 
their  distribution^  are  usually  distributed  in  the  form  of  seeds  or  germs* 
any  one  of  which  is  callable  of  developing  into  a  complete  community. 

The  causes  of  separation  between  the  different  sections,  and  of  Integra* 
tion  between  the  members  of  one  section,  are  therefore  sufficiently 
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clear,  but  what  are  the  causes  of  difference  of  character  in  the  different 
sections,  especially  when  they  are  exposed  to  the  same  environmentf 
These  causes  all  come  under  what  I  call  intensive  segregation,  which, 
for  the  sake  of  saving  repetition,  will  be  fiilly  discussed  in  a  separate 

FertUizatUmdl  segregation^ 

Since  writings  this  chaptt  r  on  environal  sofjrefration  I  have  seen 
l-^nmcis  Galtou's  short  article  on  The  Orijjin  of  V'aru'ties,"  pubhshed 
in  Nfiturey  vol.  xxxiv,  !>.  395,  in  wliich  he  refers  to  a  cause  of  so«^rega- 
tioit  tliat  had  not  occurred  to  me.  lie  says:  "  If  insects  visited  pro 
miscnously  the  flowers  of  a  variety  and  those  of  the  parent  stock,  thon, 
supposing  tlie  orfjans  of  icprochiction  and  the  jteriod  of  tiowering  to  1m' 
alike  in  both  and  that  hybrids  bet  ween  theui  coukl  be  produeed  l»y 
artitieial  cross-fertiHzation,  we  .should  expect  to  find  hybrids  in  abiin- 
*  dance  whenever  Tnembers  of  the  variety  and  those  of  the  original  stock 
occupied  the  .same  or  closely  contiguous  districts.  It  is  hard  to  account 
for  our  not  doing  so,  except  on  the  sii])i)ositiou  that  insects  feel  repug- 
nance to  visiting  the  plants  intcrehangeably." 

9.  Following  the  form  of  nomenclature  adopted  in  this  paper,  I  vent- 
ure to  call  this  principle  fertilissaHonal  segregation. 

It  is  evident  that  segregation  of  this  form  depends  on  divergence  of 
character  already  clearly  established,  and  therdbre  on  some  other  form 
of  segregation  that  has  preceded.  It  is  also  segregative  rather  than 
separative,  in  that  it  perpetuates  a  segregation  previously  producedy 
which  might  otherwise  be  obliterated  by  the  distribution  of  the  differ- 
ent forms  in  the  same  district.  The  form  of  segregation  that  precedes 
fertilizational  segregation^  producing  the  conditions  on  which  it  de- 
pends, must,  from  the  nature  of  the  case,  be  local  segregation.  Ghronal 
and  impregnational  segregation,  when  imperfectly  established,  might 
be  fortified  by  fertilizational  segregation;  but*,  in  the  case  of  plants, 
these  are  all  dependent  on  previous  local  segregation. 

(e)  Artificial  segregation. 

Artificial  segregation  is  segregation  arising  firom  the  relations  in 
which  the  organism  stands  to  the  rational  environment.  As  the  oper- 
ation of  this  cause  is  familiar,  and  as  it  was  considered  in  the  last  chap- 
ter when  discussing  the  eft'ects  of  segregation,  we  pass  on,  simply 
calling  attention  to  the  foct  that  it  is  a  form  of  environal  segregation. 

IH£  IMPOUTAKCE  OF  BNVIBO^AL  SEaSBOATION. 

We  mast  not  assume  that  the  various  forms  of  environal  segregation 
are  of  small  influence  in  the  formation  of  siiecies  because  sexual  or 
impregnational  incompatibility  is  a  more  essential  feature,  without 
which  all  other  distinctions  are  liable  to  lie  swept  away.  The  imfior 
tauce  of  the  forms  of  segregation  discussed  in  this  chapter  lies  in  the  fact 
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that  they  ofteu  ojieti  the  way  for  tlie  entrance  of  the  iiion>  fiiiiduiiiental 
forms  of  segregation,  «veu  if  tbejF  are  not  essential  conditions  for  the 
developniont  of  tlie  same.  Though  myriads  of  divergent  tornis  pio- 
diiced  by  local  and  industrial  segregations  are  swept  away  in  the  strug- 
gle for  fxist^'iice,  and  iiivriads  are  absorbed  in  theva.st  tides  of  crossing 
and  iiiter-eitissiiiir  fiirrcnts  of  life,  the  power  of  any  species  to  produce 
more  and  more  Inglily  ;ida))ted  varintinns,  and  to  srgregaU)  them  in 
groups  that  berf>me  8i»eeially  adapt^nl  to  special  ends,  or  t)iat  <rTovv  into 
speeitic  forms  of  beauty  and  iuterual  harmony,  m  largely  dependent  on 
thetie  factors. 

CHjLPTEB  IT. 

BESOBtpnON  AMD  CLASSIFI(7ATION  OF  THE  CAUSES  OF  OUMULATITB 

SEGREGATION  (coutinoed). 

B.  REFLEXIVE  SEGREGATION. 

lit^Hexivc  segregation  is  segregation  arising  from  the  relations  in 
which  the  members  of  one  species  stand  to  each  other. 

It  includes  three  classes,  which  I  call  coiynnctiouai,  impregnatioual, 

and  institutional  sefrroiration. 

Tt  is  important  to  obsci'v*' tliut  intfTj^ciieration  requires  compatibility 
in  ill  tlic  circle  of  relations  in  which  tiie  oi  <rauism  stnTxIs;  l)nt,  in  order 
to  uisiin'  s«'ffregation  between  any  two  or  more  se<'tions  of  a  species,  it 
is  suflicient  that  incomi)atibility  shoidd  exist  at  but  one  point.  If 
either  sexual  or  social  instincts  d<»  not  a<  cord.  if  structural  or  dimen- 
sioual  characters  are  not  correlated,  if  the  sexnal  elements  are  not 
mutually  puicniial,  or  if  tixed  institutions  hold  groups  apart,  inter- 
generation  is  prevented,  and  se-generatir»n  is  the  result,  either  as 
segi-egation,  or  as  separaliou  that  is  gradually  tninsformed  into  segre- 
gation. 

(tf)  Vonjunt'tional  segregation. 

Oo^jnnetional  segregation  is  segregation  arising  from  the  instincts 
by  which  organisms  seek  each  other  and  hold  together  in  more  or  less 
compact  communities,  or  from  the  powers  of  growth  and  segmentation 
in  connection  with  self-fertilization,  through  whicii  similar  results  are 

gained. 

1  distinguish  tour  forms,  social,  sexual,  germinal,  and  iloral  segre- 
gation. 

10.  Social  negreffaUon  is  produced  by  the  discriminative  action  of 

social  instincts. 

The  law  of  so<'ial  instint^t  is  preference  for  that  which  is  familiar  in 
one's  comiiani<uis;  and,  as  in  most  <'a.scs  the  j;n'atest  familiarity  is 
gained  with  thosi*  that  arc  near  of  Kin,  it  tends  to  i)roducc  brcetlintr 
within  the  clan,  which  is  a  form  ot  segregate  }ircc« I in.tr.  If  tlieciaii 
never  grows  beyon<i  the  jM>werH  of  individual  recognition,  or  if  the 

H.  Mi«.  a34, 1.U  1  ao  D^iiized  by  Google 


306        D1VER6EN1'  EVOLUTIOlf  TUKOUOH  SBGREGATION. 


iiiitiiber»  never  become  so  jjreat  as  to  impede  eiu*U  other  in  gaining  sns- 
Icnniiee,  there  will  h*}  but  little  occasion  for  segregation;  hut  mul- 
tiplication will  lead  to  segmentation.  Wherever  the  members  of  a 
species,  ranging  freely  over  a  given  area,  divifh' up  into  separate  hertl.s, 
tloclcs,  or  swarms,  of  which  the  members  produccii  iu  any  one  clan 
breed  with  each  other  more  tliau  with  others,  there  we  have  social 
segregation. 

It  shimld  always  be  kept  in  mind  tliat  social  segregation  arises  at  a 
very  early  stage,  holding  apart  groups  not  at  all  or  but  very  slightly 
ditierentiiited ;  while  in  the  case  ot  inany  an  in  nils,  the  eager  sexual 
instincts  of  the  males  constantly  t*'inl  ty  break  up  tliesc  7ninorgnmps. 
Though  the  barriers  raised  liy  sooiai  instincts  are  often  broken  over, 
their  influence  is  not  wholly  overcome;  and  in  many  instances  the  social 
segregation  becomes  nH)re  and  more  pronounced,  till  in  time  decided 
SI  xual  segregation  comes  in  to  secure  and  strengthen  the  divergence. 

11.  tSexiud  siyieijation  is  produced  by  the  divscriminativc  action  of 
sexual  instincts. 

There  can  be  no  doubt  that  sexual  iustiucts  otleu  differ  iu  such  a 
way  as  to  produce  segregation.  Bnt  how  shall  we  aoeotmt  for  these 
diftiereiioeRT  In  the  case  of  social  segreguttou  there  is  no  difficulty,  for 
it  seems  to  bo,  like  migmtioii,  due  to  a  constant  instinct,  always  tend- 
ing to  segregation.   Wo  also  see  that  an  endowment  which  prevents 
the  destim'tion  of  the  R|>ecies  throng^h  the  complete  isolation  of  indi- 
vidnals,  and  which  ({o-oi>erates  with  migrational  instincts  in  seeming 
di8{H*rsal  without  extinction,  may  be  i)erfecl;ed  by  the  accamulating 
elFccts  of  its  own  action.  And  is  there  any  greater  diffienlty  in  ac- 
counting for  the  law  that  I'egulates  fwxual  instinctst  If  it  can  be 
shown  that  vigor  and  variation,  the  conditions  on  which  adaptation 
depends,  are  in  their  ttini  dependent  on  some  degree  of  cnissing,  there 
will  be  n«»  difticulty  in  attributing  the  development  of  an  instinct  that 
secures  the  erosKing  to  the  superior  success  of  the  individuals  that 
possess  it  iu  even  a  small  degree.   On  tin-  other  hand,  whenever  there 
arises  a  variety  that  can  nuiintain  itself  by  crosses  within  the  same 
variety,  any  variation  of  instinct  that  tends  to  segregation  will  be 
preserved  by  the  negregation.   It  needs  no  experiments  to  i)rove  that 
it"  the  members  of  a  sjiecies  are  impelled  to  consort  only  with  the 
members  of  other  speei<'s,  they  will  either  fail  l<»  leave  offspring  or 
their  offsjiring  will  fail  to  iidierit  the  characteristics  of  the  sjHJcies. 
The  same  is  true  i-onceniiug  the  continnance  of  a  variety  that  is  not 
otherwise  segregated.    The  power  of  variation  <»n  the  «>ne  hand,  aiul 
the  power  of  divergeni  ac<  iinudation  of  variations  on  the  other  liand, 
are  juime  necessities  hn  ereuluies  that  ar4'  wn  sting  a  living  Ironi  a 
vast  an<l  eom}de\  eii\ ii oninent:  and  1  he  fonner  is  secured  b}' the  ad- 
vantage over*  ri\als  possess4»d  by  the  variations  that  favor  crossing, 
and  the  latter  by  tlic  better  escape  I'nun  the  stamping  eliecl,  ami 
sometimes  from  the  comi>etitiou  of  certain  rivals,  secured  by  the  move 
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ROfrrej^ative  variations.  We  must  therefore  believe  that  whenever  in 
the  liist<iry  of  an  or**"aTnsin  thrre  arise  sc^rrojjative  variations  which  are 
able  to  sccTire  suthcient  sustentatiou  jnopapitioii  t<>  eontinue  the 
species,  thp  s«M.regative  qiinlit\-  of  the  forms  thus  rmlnwcd  will  ho 
])n's«>rv<Ml  m  l  I  emulated  through  the  Helf-uceumuhitiiig  etlcet  uf  the 
f*i'grej:at i  ve  t'luiowments. 

It  is  prtibahlr  thai  in  many  ot  the  higher  \ ntchratos  sexual  insiiiu  ts 
tend  to  bring  together  those  of  somewhat  divergent  eharn<  lei-,  Imt  the 
difference  preferred  is  witliiii  very  narrow  limits,  and  beyond  those 
limits,  it  may  be  said  that  the  general  law  for  sexual  attraction  is  that 
it  varies  inversely  as  the  dift'erenee  in  the  characters  of  tlic  races  lep- 
rest^nteil,  if  not  mverscly  as  some  })owcr  u(  such  difterenee.  The  action 
of  such  a  law  is  necessarily  segregative,  whenever  the  divergence  has, 
through  other  causes,  passed  beyond  the  limit  of  higher  attraction. 
Before  sexual  segregation  can  arise  there  must  arisen  distinctive  charac- 
teristics by  meuusof  which  the  members  of  auy  section  may  discriminate 
betwe^  tlioM  of  their  own  and  other  sections.  If  there  are  no  con- 
stant  characteristics  there  can  be  no  constant  aversion  between  members 
ofdiiferent  groups,  no  constant  preference  of  those  of  one's  own  group. 
From  this  it  follows,  that  before  sexnal  segregatitni  can  arise,  some 
^nn  of  segregation  that  is  not  dependent  on  accumulated  divergence 
of  character  must  have  produced  the  dtvergeuco  on  whicli  the  sexual 
segregation  depends.  Such  forms  are  local,  social,  and  some  kinds  of 
industrial  segregation.  When  .varieties  have  arisen  through  these 
causes  it  often  happens  that  sexual  segregation  comes  in  and  perpetu> 
ates  the  segregation  which  the  initial  causes  can  no  longer  sustain. 
As  long  as  the  groups  are  held  a]mrt  by  divergent  sexual  instincts,  it 
is  evident  that  divergent  forms  of  sexnal  selection  are  almost  sure  to 
arise,  leading  io  a  fUrther  iiccnmulati<tn  of  the  divergence  initiated  by 
the  previous  causes. 

If  there  is  any  iiersistent  caust>  by  which  local  and  social  groups  are 
broken  up  and  proniiscaously  iutermiugled  before  recognizable  charac- 
ters are  gained,  the  entrance  of  sexual  segregation  will  be  prevented. 
I  therefore  conclude  that  tin*  chief  intlneuce  of  this  latter  factor  is 
found  in  its  prolonging  and  fortifying  the  separate  breeding  of  varie- 
ties that  have  arisen  und<*r  local,  social,  or  industrial  segregation,  and 
in  thus  continuing  tlie  necessary  condition  for  the  de\ clopment  of 
increasingly  divergent  forms  of  intensive  segi'cgatiou,  under  which  the 
<»rganisin  ])asses  l»y  the  laws  of  its  om  u  vitnl  :H-t ivity  when  defiling  with 
a  conijdcx  environment  in  gi'ou[»s  ihat  nevei-  <  toss. 

12.  (ri't'mimil  Hfffrf'fjfifitnt  is  ^-aused  l>y  (he  |ii-oi»agal ion  of  the  sp(*cies 
by  means  of  seeds  or  ucrms  an\  one  of  w  hich,  wlien  de\  t  Ioi»ed,  lorms 
a  community  so  related  that  the  members  breed  uitli  each  other  more 
fiequently  than  wilh  the  members  of  other  communities.  If  llie  con- 
stitution of  any  spcties  is  such  that  the  ovules  pr<»duced  from  one  see<l 
are  mure  likely  to  be  reached  and  fertilized  by  poUiMi  produced  Iroui 
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tlic  same  seed  tlinu  by  pollen  prodiited  from  auy  other  one  heed,  ihcu 
jici  iriiiuil  sej^regatioii  is  the  roRiilt. 

In  onler  to  secure  this  kind  <»f  so^'^ic^f.ttion  it  is  not  nccrssai)  ili.it 
the  tlowers  fertilized  by  jMdleu  from  the  .same  ]>!a!d  Kliduld  he  nmrt' 
fertile,  or  the  seeds  capable  of  produeiiifj  more  vi;:(>rous  plants  tlian  Un- 
tloucis  fertilized  l>yiM>llen  fr«mi  another  plant.  All  that  is  required  is 
that  of  t  he  seeds  ]>rodueed  a  larger  number  shall  be  fertilized  by  the 
pollen  of  the  sanu'  plant  than  by  the  polh'U  of  any  other  one  jdant. 

Tliis  form  of  segregatiou  is  closely  related  to  local  sej^re^ation  on  oue 
Bide,  and  to  iiocial  segregation  on  the  other.  It  however  diffei'B  from 
the  former  in  that  it  does  not  depend  on  aitgration  or  transportation, 
and  from  the  latter  in  that  it  does  not  <lepend  on  social  instincts. 

13.  Floral  xajrcgaiion  is  segregation  arising  from  the  closest  form  of 
self-fertilization,  namely^  the  fertilization  of  the  ovnlee  of  a  flower  by 
pollen  from  the  same  flower. 

Many  plants  that  in  their  native  hannts  are  i^nently  crossed  by 
the  visits  of  insects  depend  entirely  on  self-fertilization  when  trans- 
ported to  other  conntries  where  no  insect  is  found  to  perform  the  same 
service  for  them.  The  common  pea  {Pisum  sativum)  is  an  example  of 
a  species  that  habitoaUy  fertilizes  itself  in  England,  though  Darwin 
found  that  it  was  very  rarely  visited  by  insects  that  were  capable  of 
carrying  the  pollen.*  Darwin  also  mentions  Opkrffs  api/era  as  an 
orchid  which  ^^has  almost  certainly  been  ))ropagated  in  a  state  of 
nature  for  thousands  of  generations  without  having  been  once  inter- 
crossed. 

A  fact  of  great  importance  in  its  bearing  on  the  origin  of  varieties 
should  bi^  here  noted.   Any  variation,  arising  as  a  so-called  sport,  in 

any  group  of  plants  where  either  of  these  principals  is  acting  strongly, 
will  be  restrained  from  crossing,  and  will  be  ])reserved  excejit  in  so  far 
as  reversion  takes  place.  Now  th<*re  is  always  a  ])ossibiIity  that  some 
of  the  se^'^rcirating  branches  of  descent  will  not  revert,  and  that 
throngli  the  special  (•luiraeter  which  tlicy  jxissrss  in  roiriuion,  they  will 
some  lime  se<Mirc  the  services  <»f  some  insect  liiat  will  give  them  th<- 
benelit  of  cross-fertili/  it  ion  with  each  other  witlioul  crossing  with 
other  rarieties.  'lliv  power  of  attaining  new  a<hi|>tatiou8  may  be 
favoHMl  by  sell  fertilization,  occasionally  int«*rmpl<Ml  ])y  inter-breediug 
with  individuals  of  another  stock  :  for  the  latter  is  lavorable  as  intro- 
ducing vigor  and  variation,  and  the  former  jis  giving  opportunity  lor 
the  accumulation  ot  variations. 

(6)  Imprtiffnational  tte^regatian, 

Impregnational  senrcuation  isdue  to  t  he  <lit1ei  cnt  rt-lat  ions  in  wlu<*h 
tlM'  niendx  i  s  of  a  species  stand  to  each  other  in  rej:ai(l  to  tlie  i>o«^si- 
biiity  of  (lieir  producing  fertile  otfspring  when  they  consort  together. 

•  s. .  "  Ci  .isv  Mini  s«  ir-i(>rtiliz:4tioii  in  Uio  vogetuble  kiiigdoDi/'  j».  161. 
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In  order  tb;it  iiupregnational  soj^rpjrsvtion  should  hv  *',sta]>lis]n*(l  aud 
pfiilK'tuntfd  it  is  no<M\ss5ir\  :  First,  tltat  variation  should  arise  from 
wbicli  it  re.sult8  that  those  of  oue  kind  are  capable  of  produciug  vigor- 
mis  an<l  fertile  offspring?  in  greater  numbers  when  breeding;  with  each 
otiier  tliaii  when  breediiifi:  with  othi'r  kiinlsj  seeond,  that  mutaally 
t'fUMpatible  forms  slioidd  be  so  broujrlit  together  as  to  insure  propapi- 
lioii  throujrh  a  series  of  /generations.  In  order  to  set'ure  this  se^'ond 
condition  it  is  necessary  that,  in  the  case  of  plants,  there  sliould  be 
Mome  dejrree  of  hx^al,  {^Terminal,  or  floral  segre;;ation,  and  in  the  case  ol' 
animals  tliat  pair,  either  pionounced  local  sejrre«ruti()ii,  or  partial  local 
sejjregaticm  supplemented  by  social  or  sexual  se^^m'^^itioii.  Tlie  first 
t»f  these  factors  I  call  nej?ative  se^O'CiJt^tion,  as  cuutritsled  with  all 
other  forms  of  segregation,  whicii  I  group  t4)gether  as  positive  segre- 
gation. 

Of  each  form  of  seji^re^ration  whi(  h  we  have  up  to  this  ]>oint  consid- 
ered, the  s«';;Tt  ^jjating  cause  has  been  oue  that  distributes  individuals 
uf  i\iv  same  species  in  ^,aoups  Initw^ien  which  free  inter  ^icucration  is 
checked;  while  the  proi)agation  of  the  different  groups  dei>ends  simply 
on  th«i  original  capacity  for  inter  ^len crating  common  to  all  the  members 
of  the  species.  The  inter-crossing  has  been  limited  not  by  the  capacity 
bnt  by  the  opportunity  and  inclination  of  the  members.  Coming  now 
to  cases  in  which  the  Uu:k  of  capacity  is  the  cause  that  checks  the  pro- 
dnction  of  mon^ls,  we  find  a  dependence  of  a  very  different  kind;  for 
to  insure  the  propagation  of  the  different  groups  it  is  not  enough  that 
the  general  opportunity  for  the  members  to  meet  and  consort  remains 
unimpaired.  There  must  be  some  additional  segregating  influence 
bringing  the  members  together  in  groups  corresponding  to  their  seg- 
regate capacity^  or  they  will  fail  of  being  propagated. 

A  partial  exception  must  be  made  in  the  case  of  potential  and 
pre-potential  segregation,  the  latter  being  due  to  the  pre-potency  of 
the  pollen  of  a  species  or  variety,  on  the  stigma  of  the  same  species 
or  variety  and  the  former  to  the  complete  impotence  of  the  foreign 
pollen.  When  allied  species  of  plants  are  promiscuously  distrib* 
uted  over  the  same  districts,  and  flowering  at  the  same  time,  pre-po- 
tency of  this  kind  is  one  of  the  most  direct  and  cni(  lent  causes  of 
segregate  breeding.  Tiie  sanw  must  ho  true  of  varieties  similarly  dis> 
tributed  wlienever  this  character  begins  to  affect  them.  In  the  case, 
however,  of  dio'cious  jdants  and  of  plants  whose  ovules  are  incapable  (»f 
being  impregnated  by  pollen  from  the  same  plant,  no  single  plant  can 
propag:ite  tlie  species,  if  therefore  the  individuals  so  varying  as  to 
he  pre  potent  with  each  other  are  very  few  and  are  eveidy  distributed 
amongst  a  vast  numluT  of  the  original  form,  th(^y  will  fail  of  being 
segregat<-(l  thi  oii;,'^li  failing  t<>  reeei\ e  any  of  tlie  ])re  jtotent  yxilleii.  It 
is  thus  api)arenr  that  wImm  the  mutually  i>re  potent  form  is  r<'pi-esente(l 
by  compar;ili\ely  (ew  iiMlividiials.  their  ])ro|»ai;atit»n  witlM>iit  crr»ssing 
will  depend  on  tiieii  being  self  fertile  and  subject  Ut  g(;rminal  or  floral 
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se^rregatioii,  <>r  nii  their  beiii^  brouglit  U>^ctlier  by  some  or  «»tlici"  ft»rai 
of  positive  srjun'jLiiil  ion. 

AVlicii  a  coiisiiicialilf  iinmbiT  of  spt  rit's  (if  plants  ar«Moiiuiiiiii!l<'(l 
ami  aie  How<  ring  at  tlu-  same  time,  tlieir  separate  propagation  is  piv- 
hi*\'vva\j  ill  no  small  druuM'.  by  tlie  ]H('  pole  iitial  segregation  of  those 
that  are  most  nearly  allit  tL  and  by  the  tunnph  te  potential  segregation 
of  those  that  belong  to  tlilVerent  families,  orders,  and  ela.sses.  The 
same  priuci[»Ie  must  comv  in  to  prevent  the  erossiiig  of  diflerent  spe- 
eiea,  genera,  fainiln  arid  orders  of  animals  whose  fertilizing  elements 
are  distributed  in  the  water.  \V«  imist  therefore  consider  it  a  form  of 
positive  as  well  as  negative  segregation;  for  the  free  distribution  of  the 
tertiii/.ing  element,  with  the  superior  attinity  of  the  two  sexual  elements 
when  produced  by  those  that  are  mutually  pre  poteotial,  secures  the 
inter-breediug  of  those  that  are  mutually  pre  potentia]. 

Impreguational  segregation  generally  exists  between  the  differait 
species  of  the  same  genus,  almost  always  between  Bpecies  of  different 
genera,  and  always  between  species  of  different  families,  ordent,  classes, 
and  all  groujm  of  higher  grade.  And  in  all  these  cases  it  is  associated 
witli  other  forms  of  segregation,  and  whenever  it  has  once  become 
complete,  it  has  never  been  known  to  give  way.  Tbongh  complete 
mutual  sterility  never  gives  place  to  complete  mutual  fertility,  in  every 
case  where  the  descendants  of  the  same  stock  have  develoiied  into  dif- 
ferent classes  or  orders,  and  in  most  cases  where  they  have  developed 
into  different  families  of  genera,  the  reverse  process  has  taken  place, 
aind  complete  mutual  fertility  has  given  place  to  complete  mutual  ster- 
ility. 

Under  impreguational  segregation  1  distinguish  Ave  prtucix>Ie8, 
namely,  segregate  size,  segregate  structure,  potential  and  pre-poteutial 

segregation,  segrcirnte  fecundity,  and  segregate  vigor. 

14.  Se<fre(faiv  size  is  caused  by  incxympatibility  in  size  or  dimensions. 

As  familiar  ilhist  rations  of  this  form  of  segregation^  I  may  mention 
the  following:  The  largi  st  and  smallest  varieties  of  theasB  may  run  in 
the  same  pasture  without  any  chance  of  crossing.  I  have  also  kept 
Japanese  bantam  fowls  in  the  same  yard  with  other  breeds  without  any 
crossing.  In  many  other  species  individuals  of  extreme  divergence  in 
Hize  are  ifu  a|)altle  of  intcr-hri'cding. 

ir».  iSt  grcf fit  te  struct  u  re  is  eans4»<l  by  tlie  lack  of  correlation  in  the  i>ro- 
]>ortionate  size  of  ditl'erent  organs  and  by  other  incompatibilities  of 
struct  nrc. 

Darwin  siigj^ests  that  tla*  imjiossiijiiiiy  ot  a  cross  between  <*ertain 
sp(  cies  may  be  due  to  a  lack  (»f  correspondence  in  length  ot  tlu'  polh  n 
fnlH's  and  i>istils.  Such  a  lack  of  liarmouy  would  perhaps  account  for 
ditlerent  e  of  fertility  in  reciprocal  crosses. 

Segregate  structiu  c  docs  not  nsnally  arise  till  other  forms  of  segre- 
gation ha  ve  bectnne  so  w^il  cstalilishcd  that  ditVereiu'c  of  struct  nrc  does 
not  make  any  essential  dillerenre  in  tiie  amount  of  inter-general  ion. 
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It  is  not  however  imiHKssihh-  tli;it  s[u  «  irN  I  hat  wonhl  <»1  lierwise  be  fer- 
tiU'  inter  sr  are  thus  held  a)»iu  t.  hi  Brocu's  \Vi»rk  uii  Jliunaii  Ilyl)rid- 
ity""*  there  Ls  a  passage  quottd  tioiii  l*rof.  Serves,  sho\Mii<4  that  it  is 
very  ix)ssible  that  tliis  lorm  of  iiieoinpatibility  may  exist  between  cer- 
tain races  of  man. 

16.  PoteHtial  segrctjation  and  pre-potenUal  segreyation. — These  are 
csaused  by  more  or  less  ftee  distribntion  of  the  fertilizini^  denieiit, 
together  vith  the  greater  rapidity  and  i)Ower  with  which  the  sexual 
elements  of  the  same  species,  race,  or  individnal  combine,  as  contrasted 
with  the  rapidity  and  power  with  which  the  elements  of  different  spe- 
cies, races,  or  Individoals  (combine.  Potential  segregation  is  caused 
by  the  mutual  iini>otence  of  the  contrasted  fomut,  as  is  always  the 
case  between  different  orders  and  classes,  and  pre-potential  segregation 
IS  caused  by  the  superior  influence  of  the  fertilizing  element  from  the 
aame  species,  race,  or  individual,  as  contrasted  with  that  from  any 
other  species,  race,  or  individual,  when  both  are  applied  to  the  same 
female  at  the  same  time,  or  sometimeH  when  the  prepotent  element  is 
applied  many  hours  after  the  othei*. 

For  the  operation  of  this  principal  the  fertilizing  element  ftom  differ- 
ent males  must  be  brought  to  the  same  female. 

When  i>olIen  fh>m  a  (contrasted  genus,  order,  or  class  has  no  more 
effect  than  inorganic  dust, it  seems  appropriate  that  we  should  call  the 
result  poti'titial  segregation  rath(>r  than  pre-|iotentiaI segregation,  wliich 
implies  that  the  foreign  as  well  as  tlie  home  ]>olleu  is  capableof  i)ro<lue- 
ing  impregnation.  ]*re-i>otential  segregation  may  be  considered  the 
initial  form  of  potential  segregation,  the  former  passing  through 
innumerable  grades  of  intensity  in  the  latter.  We  may  therefore  con- 
sider the  principles  as  fundamentally  oue,  though  it  will  be  convenient 
to  retain  hf>th  names. 

The  iuip(utanee  of  this  prineiple  in  ]>ro<lneing  and  preserving  the 
diversities  of  the  vegetable  kingdom  ean  hardly  be  overstat<Ml.  If 
|H)lli'ii  of  every  kind  were  r(|ually  jwtent  on  every  stignia  what  would 
X'vA-  lesull  What  distinctions  would  reTnaiii?    And  W  potential 

segregation  is  necessary  for  the  preservation  of  disrinetioiis,  is  it  not 
equally  necessary  for  their  i)id(liu  tiou?  Amongst  water  animals  that 
do  not  pair  the  sivnie  principle  of  segregation  is  j>robably  of  eiinal  ini- 
])ortanee.  Concerning  this  form  of  segregation  iininy  qnestiojis  of  great 
Interest  suggest  themselves,  answers  to  which  are  not  fonnd  in  any 
investigations  with  which  1  am  aequaint.<'d.  Some  of  thest"  <|uestiuns 
are  as  follows: 

(1)  Are  there  many  ea*ies  of  pre-potential  as  well  as  of  potential  seg- 
regation between  different  forms  of  water  animals! 

(2)  Is  pre  potential  segregation  always  accompanied  by  8<>gregate 
fecundity  and  segregate  vigor? 

*  Kngliah  translation  piibUHhed  liy  titr  Ant4iro|>olo|;i(>al  Society  of  J^ndon,  |>.  2& 
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(.1)  Tf  not  always  assoi  iutcil,  which  of  i\m  Ihreo  piiucii>le.«.  Ih.st 
appears,  ami  what  are  their  rehitions  to  eaeh  other! 

(4)  When  allie<l  organisms  are  separated  by  cxjuiplete  euvironal  seg- 
regation are  tbey  less  liable  to  be  separated  by  these  three  principleHf 

Darwin  luw  in  several  places  referred  to  the  influeiice  of  pre  potency 
in  poUen,  and  in  two  places  I  have  fonnd  reference  to  the  form  of  pre- 
potency that  produces  segregation;  bnt  I  find  no  intimation  that  he 
regarded  this  or  any  other  form  of  segregation  as  a  cause  of  divergent 
evolution,  or  as  a  necessary  condition  for  the  operation  of  causes  pro- 
ducing divergent  evolution.  The  eifect  of  pre-potency  in  pollen  from 
another  plant  in  preventing  self-fiartilizatioti  is  considmd  in  the  tenth 
chapter  of  his  work  on  Gross  and  self  fertilization  in  the  vegetable 
kingdom,^  pp.  391-400.  Some  very  remarkable  observations  concern- 
ing the  pre-potency  of  pollen  ttom  another  variety  tcom  that  in  which 
the  stigma  grows,  are  recorded  in  the  same  chapter;  but  no  reference  is 
•there  made  to  the  effect  that  must  be  produced  when  the  pollen  of  each 
variety  is  pre-potent  on  the  stigma  of  the  same  variety.  In  the  six- 
teenth chapter  of  ^*  Variation  nnder  Domestication  ^  it  is  sng^je^'^ted 
'  that  pre -potency  of  tliis  kind  might  be  a  cansc  of  different  varietiea  of 
donble  hollyhock  reproducing  themselves  truly  when  growing  in  one 
bed;  though  there  was  another  cause  to  which  the  freedom  from  cross- 
ing in  this  case  had  been  attributed.  Again,  in  cliaptcr  viii  of  the 
tifth  edition*  of  the  ''The  origin  of  species,"  in  the  Rcctiou  on  ''The 
origin  and  causes  of  sterility,"  Darwin,  while  maintaining  tliat  tlie 
mutual  sterility  of  sjiecies  is  not  due  to  nnturnl  selection,  rrfers  t<>  ]>re- 
potcncy  of  the  kind  we  are  now  considering  as  a  quality  %vhi(  1i.  occur- 
ring in  ever  s<>  slight  a  degree,  would  prevent  dcteriorntidu  ol  charac- 
ter, and  which  would  therefore  be  an  advant4ige  to  a  si)t'cieH  in  the 
jM'ocess  of  formation,  and  a<H*ordingly  subject  to  accunmlaf  ion  tlirough 
natural  nclcction.  In  order  to  construct  a  possible  thcuis  im  tlic  iutm- 
duction  of  stnility  between  allied  speci('s  by  means  of  natural  .selec- 
tion, he  fiinls  it  necessary  simply  to  add  the  supjwsition  that  sterility 
is  directly  caused  l)y  this  i)re-])otency.  He  however  for  several  reasons 
concludes  that  tlicre  is  no  such  dependence  of  mutual  sterility  on  the 
process  of  natural  selection,  ("oncerning  the  pre-i>otency  he  makes  no 
reservation,  and  I  accordingly  Judge  that  lie  continued  to  regard  it  as 
strengthened  and  developed  through  the  action  of  natural  selection. 

It  is  concerning  this  last  point  that  I  wish  to  give  reasons  for  a  dif- 
ferent opinion.  I  believe  that  qualities  simply  producing  segregation 
can  never  be  accumulated  by  natural  selection,  for— 

(1)  When  separate  generation  comes  in  between  two  sections  of  a 
species  they  cease  to  be  one  aggregate,  subject  to  modification  through 
the  elimination  of  certain  parts.  Both  will  be  subject  to  similar  forms 
of  natural  selection  only  so  long  as  the  circumstances  of  both  and  the 

*  iSiucu  my  «Muniin'utH  on  thin  p:issjij{»«  wvrv  wniiew,  I  Usive  Uisi-oveml  that  Durwiu 
hw  omitted  it  from  the  aixtb  edititm. 
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viiriiitioiis  of  IvoHi  iiruily  the  saini  .  Imt  thoy  will  no  longtT  be  the 
iii('n»l»f»r.s  of  oin-  inniy  hrtwrcn  wliich  tlie  scU*4'tiiij;  process  is  carripfl 
out.  Oil  the  «  oiitniry,  it'  tin  y  occii])y  tlit^  same  district  cju  li  {^roup 
will  stand  in  the  relation  of  environment  to  th(^  other,  modityiu^r  it 
:ui(l  being  m<Miitied  by  it,  without  mutually  sharing  in  tb©  same  mo<i»- 
iK-ation. 

('-*)  Though  one  may  exterminate^  the  other,  the  change  that  comes 
to  the  succes8fiil  g"roup  thr»m«;h  the  contest  is  notdnet^)  its  miperiority 
over  the  other,  but  to  the  6ui>eriority  of  some  oi  its  own  members  over 
Others. 

(3)  Wlieu  any  segregate  form  begins  to  arise  we  can  not  attribute  its 
Biiccessto  the  advantage  of  se- generation,  for  the  inter-generating  forms 
are  at  the  same  time  equally  saceeasftal;  wherefore  it  ie  not  the  success* 
bat  the  Beparatenees  of  the  success,  that  is  due  to  the  se-generation. 

(4)  The  eontinnanoe  of  the  descendants  of  a  group  in  a  special  form 
will  depend  on  its  segregation,  bnt  this  is  a  very  difKarent  thing  from 
the  special  soecess  of  its  descendants.  The  preservation  of  a  <p00Ml 
kind  of  adaptation  is  never  due  to  natural  selection^  which  is  the  supe- 
rior success  of  the  higher  degreet  of  adaptation  of  every  kind, 

{5)  The  power  of  migration,  or  any  other  power  directly  related  to 
the  environment,  may  be  accumulated  by  natural  selection^  and  after- 
ward  lead  to  segregation,  but,  according  to  my  method  of  judging,  the 
continuous  advantage  of  segregation  over  integration  can  never  be 
shown,  for  both  are  equally  essential  in  the  economy  of  nature;  and 
though  one  process  may  at  one  time  predominate  over  the  other,  the 
comparative  advantage  of  segregation,  if  there  be  such  advantage,  can 
not  be  the  cause  of  the  preservation  of  forms  endowed  with  segregative 
qualities^  for  they  will  certainly  be  preserved  as  long  as  they  are  able 
to  win  a  bare  existence,  which  is  often  a  lower  grade  of  sueeess  than 
t\u'  oTie  from  which  they  are  passing. 

(6)  According  to  my  view,  instead  of  the  accumulation  of  the  segre- 
gative pre  potency  depending  on  natural  selection,  the  accumulation  of 
divergent  forms  of  natural  selection  depends  on  some  form  of  segrega- 
tion. 

Hut  if  the  accnumlntion  of  pre-pot<'iitial  sej^repii  ion  is  n<>t  due  to 
natuial  seltM-tion,  li<»\v  slmll  we  expljiiri  it?  It  is  I  think  due  t^>  t]i<' 
ftict  that  those  forms  tlmt  have  the  niusl  of  this  charm^ter  are,  through 
its  action,  caused  to  l)reed  tofretlier.  We  have  already  seen,  when 
coriMdering  seasonal  and  sexual  segregation,  that  if  segregation  is 
directly  produced  l)y  the  instiuets  or  physiological  constitution  of  the 
organism,  there  is  a  tendency  toward  an  increasing  manifestation  of 
the  charaf'ter  in  successive  generations.  Those  that  have  but  a  slight 
degree  of  segit^aie  pre  potency  eventually  <i)ales<'e,  forming  one 
ra<*e,  while  those  possessing  the  same  character  in  a  higher  degree 
remain  more  distinct,  and  their  descendeuts  become  still  more  segrega- 
gate  and  still  more  perroaneutly  divergent.  As  long  as  the  segregate 


Digitized  by  Google 


314        DIV£RO£iiT  ETOLUTION  THEOUUH  SEGB£GATION. 


forms  are  able  to  maintain  vigor  and  secure  fair  sustentation,  the  pro- 
cm&a  continues  and  the  separation  be<'4)ine8  more  pronounced.  Of  thiK 
form  of  the  law  of  cumalative  segr(>j,^atioii  vre  may  say,  that  as  tlio 
descendants  of  the  best  fitted  necessarily  generate  with  each  otlieraiid 
produce  those  still  better  fitted,  so  the  descendants  of  those  po.sse8sin<; 
the  most  segregative  endowments  necessarily  generate  with  each  other 
and  prodaco  those  that  ate  still  more  segregate. 

It  may  at  first  appear  that  a  slight  degree  of  pre-potence  wOl  prevent 
crossing  as  effectually  as  a  higher  degree;  bat  fiuther  reflection  will 
show  that  the  efficiency  of  the  prevention  will  vary  in  direct  propor- 
tion with  the  length  of  time  over  which  the  pre-potent  iM>llen  is  able  to 
show  its  pre-potence,  and  this  will  allow  of  inmunerable  grades.  If,  iu 
the  case  of  certain  individuals,  the  pi*e.potency  is  measnred  by  about 
twenty  minutes,  while  with  other  individuals  it  enables  the  pollen  of 
the  same  variety  to  prevail,  tliough  reaching  the  stigma  an  hour  after 
the  pollen  of  another  variety  lias  been  applied,  the  difllerence  in  the 
degree  of  segregation  ^vill  be  suflicient  to  make  the  persistence  of  the 
latter  much  more  ]»robable  than  that  of  the  former.  This  form  of 
B^p^gation  is  e\i(lentiy  one  of  the  important  craises  ])reventing  the 
free  crossing  of  difl'erent  species  of  ]»l;ints.  It  probably  has  but  little 
influence  on  terrestrial  animals,  but  how  far  it  is  the  cause  c»f  segregiv 
tioT)  among  aquatic;  animals  is  a  qnestion  of  no  small  interest,  concern- 
ing which  I  have  bnt  small  means  for  Judging.  I  have  however  no 
hesitation  in  predicting  that,  nnlcss  wo  make  the  presence  of  this 
sogiegative  qnaiity  the  occasion  for  insisting  that  the  forms  so  atVectctl 
belong  to  different  species,  we  shall  lind  that  amongst  plants  the  vari- 
eties of  the  same  species  are  otten  more  or  less  separated  from  each 
other  in  this  way.  1  do  not  know  of  any  exjierimcnts  that  have  been 
directed  toward  the  determining  ol  i  ins  point,  bnt  on  the  general  prin- 
ciple that  physiological  evolnlion  is  not  nsnally  abrnpt,  and  that  race 
distinctions  are  the  initial  forms  nnder  wliicii  s]iei;itic  ditlerences  present 
themselves,  1  can  liave  no  donbt  that  feelde  pre-potence  |)iecetles  that 
which  is  more  prononnced,  and  that  part  of  this  divergence  in  many 
cases  takes  place,  while  (lie  divergent  branches  may  be  properly  classed 
as  varieties.  Another  reason  lor  believing  that  pre-poteni  lal  segrega- 
tion will  be  fonnd  on  fnrther  investigation  to  exist  in  some  causes 
between  varieties,  is  the  eonsUiUcy  with  which,  in  the  case  of  specii's, 
this  character  is  associated  with  segregate  fecundity  and  segregate* 
vigor,  which  we  know  are  sometimes  eharaoteristics  of  varieties  in  their 
relation  to  each  other.  The  i  m  po  rtance  of  these  latter  principles  when 
occurring  in  connection  with  different  forms  of  partial  segregation  will 
now  be  considered. 

17,18.  Segregate  feeunditif  and  segregate  vig<Mr»-^Jiy  segregate  fecan- 
dity  I  mean  neither  segregation  produced  by  fecmidity  nor  fecundity 
produced  by  segregation,  bnt  the  relation  iu  which  sjxeies  or  varieties 
stand  to  etieli  other  when  the  inter-getieration  of  members  of  the 
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same  si>ecie8  or  variety  rosnlts  in  higher  lertility  than  tlie  crossing  of 
<lirtV'reiit  s|M'<  ios  or  varieties.  In  like  nuinmrr  segregate  vigor  is  tin; 
relation  in  whieli  spe<*ies  or  varieties  stand  to  each  other  when  the  in 
ter-generation  ot  niembci  s  of  the  same  8])ecies  or  variety  produces  oft- 
sjH-ing  more  vigorous  tlian  those  i)r(»du<;eil  by  crossiii^^  with  (tther  s]vpcies 
or  varieties.  Inti^grate  fecundity  and  integrate  vigor  are  the  terms 
by  wbich  I  indieate  the  relation  to  each  other  of  forms  in  which  the 
liighQst  fertility  and  vigor  are  produced  by  crossing,  and  not  by  inde- 
])eudent  geDfiratioii. 

Before  discussitig  these  principles  througli  irhioh  tbe  iufluenoe  of 
segregation  is  greatly  increased,  it  will  be  an  advantage  if  we  can  gain 
some  idea  of  the  nature  of  camnlative  fertility  in  its  relations  to  a  law 
of  still  wider  import.  1  refer  to  the  fourfold  law  of  antagonistic  in- 
crease and  mutual  limitation  between  (I)  integration,  (2)  segregation, 
(3)  adaptation,  (4)  multiplication— in  other  woida,  between  (1)  general 
iavigoration  and  power  of  variation  tlirongh  crossing,  (2)  the  opening 
of  new  opportunities  and  Independent  possibilities,  (3)  special  adapta- 
tion to  present  circumstances,  (4)  powers  of  multiplied  individualiza- 
tion. Darwin  has  considered  at  length  the  first  and  third,  though  I  do 
not  remember  that  he  has  anywhere  pointed  out  that  their  development 
ia  due  to  a  kind  of  self'-angmentation.  I  believe  this  is  so  emphatically 
the  case  that  the  former  might  well  be  called  the  law  of  self-cumulative 
vigor,  and  the  latter  the  law  of  self  cnimulative  adaptation.  Corre- 
sponding to  these  two  laws,  I  find  the  additional  lawsof  self-tuimulative 
segrcg:i!i<m  and  self-cunuilative  fertility.  Darwin's  theory,  that  diver- 
sity of  natural  selection  is  dire<!tly  and  necessarily  dependent  on  ex- 
posure to  different  external  conditions  tends  to  obscure,  though  not 
deny,  the  fact  that  the  breeding  together  of  the  better  adapted,  which 
causes  the  increase  of  adaptation,  is  due  to  the  diftcrent  degrees  of  en- 
dowment in  (lie  (irgiinisni,  rather  than  to  diversity  in  the  environment.  " 
It  is  also  true  of  segregative  endowment  and  of  fertility  that  they  are 
neeessarily  cuinnlative  whenever  they  belong  in  ditl»'r«'iit  degrees  to 
members  of  tiie  same  intergenerant  thnt  ar<'  e(|ually  titte<1.  The  cum- 
ulation of  vigor,  as  that  of  adaptaticm,  is  I  think  rightly  classed  as  a 
form  of  selet  tion;  for  in  both  cases  it  depends  on  the  power  of  the 
nioi«>  highly  endowed  to  su|)|)lant  the  h'ss  endowed  without  allowing 
them  inil  o]>i)ortunity  to  propagate;  hut  tlie  increase  of  segregative 
endovvnu'iits  and  of  fertihty  is  due  to  principles  quite  dittei'ent  from 
this,  and  differing  from  each  other.  The  segregative  endowments  aug- 
ment through  the  inherent  tendency  of  the  more  hi^^lily  emh)wed  to 
breeil  more  exclusively  with  those  of  the  same  form,  and  t  herefore  in 
the  long  run  to  breed  more  exclusively  with  each  other;  while  the  fer- 
tility of  the  more  fertile  neither  drives  out  the  less  fertile  nor  holds 
the  two  classes  apart,  but  simply  multiplies  the  oftspring  of  the  more 
fertilp,  making  it  sure  that  in  each  generation  they  will  predominate. 

But  all  these  forms  of  augmentation  correspond,  in  that  they  secure 
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ih*"  brmlin*?  tojfetln  r  of  tlioso-  possessing  hifjfherdi'^^'ices  of  tb<'  special 
t'lKiuwinoiit,  and  so  increase  the  average  endowment,  either  of  the 
whole  immlM^r  of  the  ofl'spriug  or  of  the  segregated  portion.  Vigor 
increases  through  the  breeding  together  of  the  more  vigorous,  resulting 
from  theii*  overcoming  and  crowding  out  the  leas  vigorous  without 
allowing  them  full  opportunity  to  propagate.  Adaptation  increases 
through  the  bleeding  together  of  the  better  adapted,  resulting  from 
their  supplanting  theur  rivals  without  allowing  them  fidl  oppor- 
tunity to  propagate.  Segregative  endowments  increase  through  the 
breeding  together  of  the  more  highly  endowed,  resulting  from  the  iSeu^t 
that  as  long  as  segregation  is  incomplete  more  than  half  of  each  gen- 
eration of  pure  descent  are  necessarily  the  offspring  of  parents  whose 
segregative  endowments  were  above  the  average.  Fertility  increases 
through  the  breeding  together  of  the  more  fertile,  resulting  from  the 
fikct  that  more  than  half  of  each  generation  are  the  oflbpring  of  parents 
of  more  than  average  fertility.  As  the  breeding  together  of  the  more 
vigorous  and  the  better  adapted,  caused  by  their  superior  success, 
tends  to  increase  and  intensify  the  vigor  and  adaptation  of  successive 
generations,  so  tlie  breeding  together  of  those  more  highly  endowed 
with  segregative  powers,  caused  by  the  segregation,  tends  to  strengthen 
and  intensify  the  segregative  powers  in  successive  generations;  and  so 
the  breeding  together  of  the  more  fertile,  caused  by  the  larger  propor- 
tion of  offspring  produced  by  the  more  fertile,  tends  to  increase  the 
fertility  of  successive  generations.  Among  those  that  M  ould  be  equally 
])roductive  if  equally  nourished,  the  ratio  of  propafjatioii  varies  directly 
as  the  degree  of  sustentation  above  a  certain  minimum  (and  perhaps 
below  a  certain  maximum),  and  tlierefore  directly  as  the  degree  of 
adaptation  that  secures  this  sustentation.  T\\\s  propagatian  m  cAtrdinff 
to  degreva  of  (nldpfntion  to  the  environment  ?•«  irhat  I  understand  Jn/  n<itii  nil 
selection.  But  among  those  that  are  equally  adapted  Xct  tlie  environ- 
ment the  ratio  of  propagation  varies  directly  as  the  ratio  of  fertility. 
Tl!i>  in  npuf/atioH  (teeordinff  to  dtyreen  of  fertility  t.s  ivhat  T  c((ll  the  law 
of  ci(nti(((itire fertility.  It  is  not  due  to  different  degrees  of  success,  or 
to  any  advant^ige  whicli  tlu  ituiividuals  of  on«'  form  liave  over  those  of 
other  forms;  but  sunply  to  the  higher  ratio  of  niuilii)iication  in  the 
more  fertile  forms  securing  the  inter-generation  of  the  more  fertile.  In 
connection  with  natu ml  selection  it  iiMures,  in  the  destrndantny  the  predomi- 
nance of  the  better  adapted  of  the  more  ftrtile  and  the  more  fertile  of  the 
better  adapted. 

At  the  close  of  the  previous  chapter  I  called  attention  to  the  fact 
that  Innumerable  local  segregations  and  other  imperfect  forms  of 
^^e  generation  are  being  constantly  broken  down,  partly  by  the  increase 
of  numbers  and  partly  by  the  superior  fertility  and  vigor  of  ofispring 
produced  by  crossing.  It  seems  to  be  a  fundamental  hiw  that  vigor 
and  variation  in  the  offspring  depend  on  some  degree  of  diversity  of 
constitution  in  the  parentis  and  diversity  of  constitution  that  is  not 
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entirely  llin'tiiatinjj  dciu'iuls  on  sonio  clcgiw  «)f'  jyositive  segrejjjition; 
therrf'orr  \  i^^)!'  and  variation  (Icjxjiiil  on  tlie  bmikin;,^  down  of  iiiripipnt 
s('Mri<.w;,(ioiis,  and  on  the  int«'rt"u8ioii  of  fin-  slightly  divcrgi'iit  loriihs 
that  luul  be<Mi  partially  segrt'gatod.  But  iii  the  history  <►!"  every  ra<  <i 
that  is  winning  success  by  itn  \  igor  and  variation  there  is  liable  to 
come  ai  time  when  some  variety.  inlnM-i! intr  sufVicient  vigor  t<j  siistaiu 
itself,  even  if  limited  to  (ho  ben<  li(>  ol  crossing  with  the  individuals  of 
the  sauie  vari<*ty.  lu  eomes  partially  segiegated.  Ah  we  have  already 
Aiiviij  segregation,  in  so  tar  as  it  depends  on  the  qualities  of  the  iU'gau 
ism,  tends  ever  to  become  more  and  more  intense;  but^  in  the  very 
nature  of  things,  not  only  will  the  segregation  be  tbi-  many  generations 
only  parua],  l)ut  partial  segregation,  thou^^li  it  nmy  greatly  delay  tlie 
submerging  of  difll'erent  groups  in  one  common  group,  will  never  pre- 
vent that  result  being  finally  reached.  Though  the  siphon  that  con- 
nects two  tanks  of  irater  be  ever  so  small,  the  water  will  in  time  find  a 
common  iBvel  iu  both  tauka^  unless  there  are  additions  or  subtractions 
of  water  that  prevent  sucti  a  result.  So,  iu  the  case  under  considera- 
tion, final  fosion  will  take  place,  unless  differentiation  progresses  more 
iai)id]y  than  the  fusion,  or  some  other  influence  comes  in  to  counteract 
the  levelling  infiueuce  of  occasional  crosses.  If,  under  such  conditions, 
some  branch  of  the  partially  segregated  variety  becomes  more  fertile 
when  generating  with  members  of  the  same  variety,  and  les?  fertile 
when  generating  with  other  varieties,  a  principle  wiU  be  introduced 
tending  to  strengthen  any  form  of  partial  segregation  that  ahready 
exists  between  the  varieties.  This  principle  when  co-operating  with 
partial  segregation  will  produce  pure  masses  of  each  variety,  when, 
without  the  action  of  this  principle,  all  distinctions  would  be  absorbed 
by  the  crossing.  We  know  that  a  transition  from  integrate  fecundity 
to  segregate  fecundity  usually  take^  pliice  at  a  iMunt  in  the  history  of 
evolution  intermediate  between  the  fonnation  of  an  iiutipient  variety 
and  a  strongly-marked  species;  and  though  the  causes  that  produce 
this  transition  may  be  very  difficult  to  trace,  1  believe  the  results  that 
must  follow  can  be  pointed  out  with  considerable  clearness  and  cer- 
tainty. 

Darwin's  investigations  have  shown  tliat  in  many  <'ases,  if  not  in  the 
maiority,  the  relation  of  varieties  to  ejich  <dher  is  that  whicli  T  have 
called  integrate  fecundity  and  integrate  vigor;  that  is,  the  highest 
fertility  is  attained  when  varieties  are  crossed,  and  tlie  \  igor  of  off- 
spring thus  pHKliiced  is  greater  than  when  tlie  inter-gencration  is  within 
the  limits  id' one  variety,  lie,  however,  gives  in  V  ariation  under 
domestication,"  chapter  xvi,  some  special  cases,  in  whieli  varieties 
of  the  sjimc  spc<ics  behave,  wiien  crossed,  likeclosely  allicilbut  distinct 
s])ccics:"  and  rcm.u  ks  that  similar  cases  "may  not  be  ol  \  ciy  rare  «k;- 
cniiciice,  lor  the  subject  has  not  l>een  attended  to.^  The  same  cases 
are  also  mentioned  in  all  the  etlilions  of  the  "Origin  of  Species/''* 

*       1h%  cditiuii,  ji.  23S;  Titb  otlititm,  p. 259;  titli  cditiuu,  p. 208, 
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I'll*'  jHoblcnis  that  arise  in  cuiisi^hTiiii^  the  ditVt  n'iit  results  pnMiiicecl 
by  (lirtert'iit  (U'gm's  <if  iM)sitiv('  s('jn*c;:;itioii  and  se<xn';,Matt^  fccuiKlity 
arr  (»f  a  nature  siiitabli'  for  matlinnatit^al  ireatiaeiit.  lief<»r«'.  however, 
c< Jill i»utinf(  the  eflfVct  s  of  scgrepitc  fecundity  whe?»  e<>  opei  atiuj;  with 
positive  8egrep:ati<  II  I,  it  will  W  in  ijlacc  to  sliow  that  it  is  ofitself  only 
a  iiefrative  form  oi  se^<rei?ation.  havinj^  no  power  to  insure  the  juopaga- 
tion  of  tlu'  \  aiieties  tlnis  eharacti'ri/.ed.  thon«j^h  they  are  fully  adapted 
to  the  environment.  This  is  most  easily  brou^liJ  to  li*rht  by  <*<>nsider 
in^  the  etteet  of  a  high  degree  of  this  quality  w  hen  ]»ositivr  segn^gatiou 
is  entirely  wanting,  or  when  it  is  sutli(  ieiit  to  givt  .Niiiijtly  a  <  hanee  of 
segregate,  breeding  by  bringing  each  individual  near  to  its  natui  al  mate. 
For  example,  let  us  8Ui)pose,  first,  that  a  male  and  a  female  eaeli  (►f 
several  allfod  bat  mutually  sterile  species  are  brought  together  ou  oue 
small  island,  all  other  tendencies  to  positive  segregation  being  removed, 
while  mntnal  sterilty  still  remains;  second,  that  a  male  and  female  when 
once  mated  remain  together  for  the  breeding  season;  and  third,  that  all 
find  mates.  Now,  if  we  have  seven  species,  each  represented  by  one 
individnal  of  each  sex,  what  is  the  probability  that  alt  the  species  will 
be  propagated  f  And  what  the  probability  for  the  propagation  of  none, 
or  of  but  one,  or  of  but  two,  or  of  but  three  of  the  species  f  The  answers, 
as  I  have  computed  them,  are  as  foHows:  The  probability  that  none 
will  be  propagated  is  ifH;  that  one  species  will  be  is  ifH;  that  two 
species  -^Vir»  that  three  species  t^q-V^  ;  that  four  species  tHui  that  five 
species  ;  that  seven  species  ^Aii-  These  numerators  are  found  in 
the  seventh  line  of  a  table  that  I  call  the  Pemiutational  IMangle.  If 
wehavetcu  Kjieeies,  the  probability  that  in  any  one  trial  nosiiecies 
will  mateh  truly  and  be  propagated  is  ^||4{J^;  that  one  species  will 
match  truly  and  propagate  is  J||*$g-g;  that  ten  will  is  ..^l  issd-  This 
means  that  if  3,02H,84H>  ti  ials  are  mad<>,  one  of  them  will  probably  l>e  a 
casf  in  wliieli  each  male  pairs  Avith  the  female  of  the  same  si>eeies,  while 
1,3^4,961  will  be  cases  in  which  none  are  so  matched,  and  l,334,!X>o  wiU 
be  cases  in  whirh  one  ]>air  in  so  niati  lx  d.  it  therefore  appears  that 
more  than  eight  elevenths  of  the  probabilities  are  against  the  ooutinu- 
anee  of  more  than  one  of  the  ten  sp<'eies. 

There  will  ])<«rhnps  be  sonie  hesitation  in  receiving  these  figures  iMifoi-e 
1  have  ;^ivcn  the  method  by  whi(di  the  results  have  been  res^ehed;  but 
the  necessary  length  of  this  pajK'T,  e^  »'n  when  i-esti  icted  to  tin*  briefest 
discussion  of  general  principles,  induces  mt  to  reserve  my  computa- 
tions for  another  occasion.  It  is  not  howexcr  necessary  to  have  a 
complete  soliit  it)n  of  this  pidblem.  in  ordci-  to  reach  t  lie  <'onrlusion  that 
the  origin  of  separate  races  and  species  depends  not  oidy  ui)Ofj  t  heir 
adaptation  to  the  environment  and  their  mutual  sterility  when  <  rossing 
with  ea«*h  other,  but  also  upon  their  positive  segregation.  W  e  can 
further  see  ^when  consideri iiij,  an  exlrcnie  case,  like  i-ither  of  (lie abo\ e 
supXM»sed  casi's)  that  segiegate  fecuudity,  witiiout  the  aid  of  i>ositiv© 
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segregation,  must  lead  to  extinction.  We  liave  already  seen  that  par- 
tiul  segregation  can  not  by  itself  prevent  the  fUsion  of  spec-ies.  It 
therefore  follows  that  in  order  to  account  for  the  cent!  nuance  of  diverg- 
ent fiices  we  mnst  sui>pose  either  that  the  sef^'^'gation  is  complete  or 
that  the  divergent  evohitiou  is  strong  enough  to  more  than  (ounter- 
balance  the  intlueuce  of  the  oi^easional  crossing,  or  that  the  partial  seg- 
rogation  is  aided  by  ne^^regate  fecundity  or  sc^efjate  vijror. 

IJetween  the  members  of  si>ecies  l)elongingto  ditterent  orders  we  find 
not  only  coinplete  segregatitm,  but  complete  sterility  when  atteniplsat 
crossing  are  made;  but  hope  of  {jTHiiiing  an  e\']»lanatioii  of  how  these 
characteristics  have  arisen  is  IdiiiKl,  not  in  the  study  <>t  those  ctiaes  in 
which  the  process  has  been  romph'ted,  but  in  tlie  study  of  the  relations 
to  ea<-h  otlier  of  species  and  varieties  that  are  characterized  by  j)ai  tial 
scfifregation  and  mutual  sterility,  that  is  not  complete.  Here  acrain 
nnitliematical  analysis  will  help  us  in  understanding  the  siihjcct. 
Though  1  have  not  siuceeded  in  constructing  acomplete  uiatliennttical 
rej)resciitatiou  of  all  the  grades  of  intcrniiiiL'-ling  that  will  take  pla<  e,  I 
ha\  e  fell  rid  a  general  formula  that  gives  a  (  l(»se  approximation  to  the 
propoi  lion  in  which  two  speci<'s  will  briM'd  pure  as  c<intrasted  witli  1h^^ 
projHU'tion  of  tirst  crosses  and  tlieir  desceiidants  tliat  will  he  pnxiiieed, 
in  any  cast;  in  which  the  d<*grec  of  segn-gal  ion  and  the  l  atio.siif  fertility 
fin  the  pure  and  cross  breeds  arc  know  n.  As  my  «»bie(  t  is  simply  to 
show  under  what  c()iiditi<ms  the  pure  races  will  continue  without  being 
swamped  by  crossing,  it  is  not  ne<*essary  that  J  should  follow  the  action 
and  rea<'tion  between  the  three-quarter  breeds.  I  wish  however  to 
call  attcutiou  to  the  fact  that  when  the  ntunber  of  the  i>Qre  forms  and 
of  the  half-breeds  is  eonKtantly  decreasing,  without  a  general  dec^rease 
in  the  sum  of  the  descendants,  it  is  evident  that  the  three<quarter  breeds 
and  their  descendant^)  are  increaning;  and  when  a  three-quarter  breed 
ou  one  side  erosnes  with  a  three-quarter  breed  on  the  other  side,  the 
otfspring  will  usually  l>e  about  intennedlate  between  the  two  species  ^ 
therofi>re,  where  the  two  species  are  equally  numerous^  if  we  find  that 
the  pare  forms  will  disappear  through  ftision,  we  may  exfiect  that  the 
three-quarter  breeds  will  also  disappear  through  fusion. 

In  eonstmeting  my  formula  it  was  found  necessary  to  commence,  by 
placing  in  the  1st  generation  of  the  half-breeds  a  more  or  less  arbi- 
trary symbol }  for  tlie  true  symltol  in  each  case  is  the  final  one  reached 
in  the  nth  generation  when  ti  is  a  very  high  number.  Vhe  chief  inter- 
est therefore  centers  in  what  can  be  accomplishe<l  through  the  use  of 
thi«t  formula  f(»r  the  nth  gcmeration.  It  seems  to  me  to  Aimish  a 
nietho<l  of  reaching  the  ftiiul  proportion  of  pure  breeding  that  will  be 
produced  by  any  form  of  combination  between  positive  segregation 
and  s4>;ri'egate,fetniiiility,  and  to  give  results  that  would  recjuire  ttion- 
sands  of  years  of  continuous  experimenting  to  msu'li  in  any  other  WAy, 
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Tablb  I. — Arithmetical  compulation,  ahowintf  thi'  nnmhir  «/  haJf-hrrrdn  *(«  cuHtranted 
with  Ihv  pare-brcaUi,  wh^»  of  mvh  rarirty  form  unium  among  thcmfclrcft  and  double 
with  each  gemratioH,  wMfo  Me  offspriny  of  the  ,fo  that  form  mixed  unione  ^imjtly  equal 
the  iiiim^  df  the  pamtU  bjf  which  ttqr  «re  produeedf  in  otAer  irorrft  when  essi-^,  Jf= 
Stm=^J($ee  Table  JI), 


Variety  N*.  1,  inirv-iwwdB. 


Of  what 


I.ilOO 
1-8 


1-8 

3,24U 
1-8 

5, 8.T-' 


laltialmimlMr* 


UiKMienililm .... 


A  =    2iid  gonoraUon  


A  (l-8>« 


3ST*05:=(l'8>t*  o«Bi|MitMl  by  kc. 
.•.3OT.05O        =  Aa-8)M 

3n,  ^47-272  =  (1-8)" 
.•.3».  347, 272    s=       A  (1-8)  • 


lOih 


ISib  geaeration . . . 


100 


200 


6sa 


A  888 


3,934,72» 


20 


72 


pura-bfwilii. 


LOW 


1.1 


a,  210 


5.832 


Exin.AN' ATioN  OF  Taulk  I. — The  socoud  generation  of  tlm  li:ilt-l)n*e<l8  is  louiiii  by 


takiii 


r>  1  •» 


)f  tho  previous  balf-breeds,  i,  e.  100  x  i^u  -  90,  and     of  tlm  previous pnro- 


bieeds  (the  iHf  that  foim  mixed  nnimui))  minuB  Vir  of  tiiA  previoua  half-breeds  (beeaiiaSi 

iVof  the  half-breeds  comort  with  an  eqnal  number  nf  jMire-brecds,  audso  pmdaco 
not  h:i1f  breeds  but  three-quarter-breeds),  f  ^  1       li     170.  thoee  two  some 

togethiT  \yp  havo  00 -|-  170— 260  =  the  secuud  geuoratinn  of  liaU'-breeds. 

Ah  in  thiti  table  the  uouiputation  commences  vrithout  any  half-breeds,  the  follow- 
ing; )r(>neratlons  of  halfobreeds  ue  all  a  lUtle  leas  than  ^  as  large  as  the  oorreepond- 
ing  generations  of  puru-breeds.  MTheu,  however,  We  eome  to  the  eighteenth  genera- 
tion the  difference  is  less  thtui  one  in  a  million,  and  vre  may  consider  tin*  rpsnlt  as 
practically  corresponding  with  the  formula  for  the  wtli  generation,  given  in  Table  iii. 

The  thj'eo-quartor-brocds  are  obtained  by  multiplying  of  the  previous  genera* 
tion  of  half'-breeds  by  3,  aind  adding  to  the  result  the  sum  of  the  pierioos  genera- 
tions of  three-quarter-breeds.  This  of  course  gives  a  namber  too  large;  tar  sMneof 
the  three-quarter-breeds  will  fail  to  breed  with  three-quarter-breeds.  A  closer 
exprcHHiou  of  the  proportion  between  pore-breeds  and  three-qoarter-breeds  is  given 
in  Table*  vu  and  viu. 
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Tablk  lL~iV»UM»tMirjr  Formula  for  9koxni*g  tk«  Jhroportion  of  BaXf-brot^  lo  i'»ro- 

breeds. 

Ltit  K  =  thr'  rat  in  of  pure  hrt-nliiig,  i.  r.,  the  MgrOgMttOB. 

Lot  r  =tht'  rntio  of  crus.s-l»rri  ilin|;. 

Jjjr.  When  tli®  uniouH  ure  within  the  limits  of  tli<  s]>i'cieM  an<l  Vi/  of  tho  uniou.s 
am Krith  an  Allied  ■pecieeR=v'o,  0=^1 'o.  R  will  alwuvs  ciiual 

LetMssfhentioof  fertility  in  eiM»h  gouerattou  for  tlioee  that  bri«ed  with  their 
own  kind. 

Let  w  —  t)m  ratio  of  fertility  in  e«cli  generation  fur  thu  cfoae-anione  and  for  the 
hybiitlH  when  breeding  together* 

Let  Astha  Initial  number  of  individuals  repreaontiug  tin-  pure  speoies  when  tlte 
computation  commences. 


21  amber  of  IndlvldiMla  npteMmting  the  pure  fonn. 

Number  «f  tndividoikla  represeittifliKtlie  Indf-bnwdiii. 

A              ^Initial  DQinlier. 

A(RM)*      =4th  iUiT<  ration  

SiibMtitutinK  (I  — r)  fur  K  iti  the  2nd  gea.,  we  have 
A{M  —  Me)*— 2nd  genemlioii. 

irit  p'lieratiuu  ^  AcMt. 

2ud  gr?]i0nitt4niB.(AtfmK-f  A(  KM)c— Armcixm.^ 
2iid|jreiMntloii=sf AcmR—  AeMi«)m  f  AMitdtM). 

2ii«J     11-  ration  =  Acm(R  — + Acm(ItM). 

Siibatitiitiug  in  thin  '1— f)  for  K,  we  liav* 
2ud  guueration  =  Am(l  —  ieim^  Acini  M — Mc) . 

•The  t«rin  Arr/iU  r<'iir<  srnt«  tho  nuiul»or  of  hulf-brtvMU  that  form  iiniotiit  anions  IIhmumoIvos, tho 
offiipriag  boio^  bolf-brot'da ;  A(HM>o  repraaenu  Ihe  total  uuuibtsr  of  pure- broftds  of  the  lirst  gonemiioa 
tlwt  fonn«d  mixed  untone ;  of  theae  Aeme  f«rm  nalona  wf  tli  an  equal  number  of  balf-breede,  and  tbeir 

fiffAprinK  b<  ini:  tlircc  qiiarf'T  I(M'.  (Jh  1I)ll-^t  Im^  rcj<*<-te(l ;  tii«'.  ri'iiiiiiiidrr.  iiaim-ly  A  (IlMlt:— -AeilM!,  fOTBl 
ouione  with  tbv  other  racu^  itud  th(;<r  offspring  are  balf-brocds  of  thu  Hucoud  guuerutiou. 


Tauli^  III.— I hnfelop0dFotmdl»  for  SeffTMoUoH  and  Styreyate  Feo*ndily,!/inn«f  ik^pro- 

portion  ofHoJlfSroedt  to  Pmro-bree^. 


I*ufi!-bfvedH« 

A  ^  Itiitial  tunnher. 

A<M  — Mc)  =li>lg<-Dvr«tiou. 
A(lf — Mc)*^SDd  geoemtbHi 
A(M  — lle)>»Sird  gmMiakkii , 

A(M— Mc)'=  4tb  gutuiration . 


A(ll-M«|*s:nth  generation 


HairkrewU. 


lat  gt!uerutiun=^AtMC. 

2nd  geoeratioDsrAiiMfl— 2»>M  f  A«*»<lf  »  Me). 
3rd  gooe»tlon=Ani4S((l— ac)«>»i  AonO*— MelO— 

4tU  giiinmtiou=A»H<:((l  -  2i)m)»  ,  Acij*(M  — Mc>((l  2r)iii)» 
A«m4M  —  M«)*(l  — ?«)mH  A0ii»<M— M«)«. 

4(b  g«H«rtl«i-A««r(M-Mr)»(<<^-^;^'',  ^J^j 
»tbKeii«nitlou=Aii»e<M-Me)'^'x((  )""'  »  (   )+(   )'+(  )'+ 


c)m)*    (1— 2r>m 


First  rule.— The  pup'-breeds  of  any  gtMUTution  are  ioiind  hy  mnltipiyiug  the  pre- 
vious geueration  of  pnre-breeds  by  M— Mc,  and  tho  half-brewbi  of  any  geuorution  are 
foand  by  multiplying  the  previous  generation  of  half-breeds  by  (l—2o)m  and  adding 
Hia^DPviouB  generation  of  pure-brcedB  multiplied  by  em. 

H.  Mis.  ^34,  pt.  1 — -21 
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Second  rule.— Thv  wtJi  ^jeueration  ul'  ]iiire-brc*;dH=A(M  —  Mc)"— A(M — Mrj^-'X 
(M— Mp)  ;  nnd  the  ntli  freticration  of  h«lf-brced8=Ain«{M — M<?)"-»  multiplied  by  the 

{jiiiii  2r'  ul'  lln-  1-j — — ~yi  •  ^  •  •  •  •  '  cMiiitainiiin  hh  mauy  t<uuis     that  expressed 

by  thv  number  of  tbo  gviu'rutioti,  L      coutainiug  n  terms,  of  which  the  iirst  in  1; 

'••>-M-MeK^ ^M^Mr+  •■••)'"  ^^^«  ****  number  of  balf  bieeds,  and 
P  hexng  the  nnmli«r  of  pore-breeclB. 

Thhd  ruU\ — To  rorrt'tt  tins  foriiiula,  ho  that  it  nhaU  iiulicate  the  proportions  that 
will  result  wbeu  the  relativ*'  vifjor  of  pnn^  hihI  eross  breed.s  is  ronsidered,  we  must 
BubHtitute  MV  for  M,  and  inr  lor  m;  V  beiii)i^  the  proportiou  of  each  generatiua  of 
pure  breeds  that  grow  to  maturity  and  propagate,  aud  r  befog  the  pru^mrtioD  of 
half-breeds  that  do  the  same. 

• 

MKTllOD  OF  USING  TAULK  III. 

By  snpposiDg  n  to  be  an  indetlnitely  bigh  nmnbery  and  by  giving 
different  values  to  M,  and  we  shall  have  the  means  of  contrasting 
the  number  of  the  pore-breeds  with  that  of  the  half-breeds,  when  the 
process  has  been  long  continued  under  different  degrees  of  positive 
segregation  and  segregate  fecundity, 

lu  the  first  place,  let  us  take  a  case  in  which  there  is  no  scgregato 
fecundity,  that  is  M  =  m;  and  for  convenience  in  coinpntition  let  us 
make  M=l,  »f=l.  In  every  case  where  in  is  not  larger  than  M  the 
(1  —  'V')/u 

fi'aetiou  is  less  tlian  unity,  ami  the  sum  of  the  geometrieal 

progression  of  our  formula  will  fall  within  the  limits  of  a  number  that 
can  be  easily  oompnteil  hy  the  well-known  formula  8=^^^  in  which 

a  is  tlic  tirst  niimbcr  of  the  progression.  wlnCli  in  this  case  is  1,  and  q 
in  tht'  traction  we  are  now  coUi»ideriug.   J^uppoiiiug  c—  roy  the  fraction 

will  be  ^  ,  -n^=|='?,  .%  ^=\^q  becomes  Sa=|— =^^^=s9.  This 


I 


number  U  is  therefore  cM[nal  to  the  sum  «)f  this  pr()<irossi<m  andean, 
therefore,  ))e  used  as  the  vahie  of  theinhniu-  pro^jression  in  the  formula 
for  the  ?;th  geuci  ation  when  n  is  a  very  hi^^h  number.  Substituting 
these  vahics  we  find  tluit  the  xth  generation  of  the  lialf-lireeds  equals 
the  «th  generation  of  the  jjure  forms,  each  bein;j:  equal  to  of  A 
{M  — Mc')"  ^  A  (M — Mr)"-i  is  a  vanishing  qnantity,  for  M — 3If  is  le&s 
than  1.  Every  form  is  therefore  in  time  fusetl  witli  other  forms.  But 
let  us  try  higher  degrees  of  segregation.  If  we  make  <?=  or  l  oVy, 
we  still  find  that  half-breedsspure-breeds,  while  the  latter  are  con- 
stantly decreasing,  whicb  shows  that  imperfect  positive  segregation, 
without  the  aid  of  some  quality  like  segregate  fecundity,  can  not  pre- 
vent a  species  being  finally  fused  with  other  species  as  long  an  the 
whole  number  of  each  successive  generation  does  not  increase. 

Let  us  now  consider  cases  in  which  the  Segregation  is  incomplete,  but 
Segregate  Fecundity  comes  in  to  modify  the  jesnlt  Let  Ms2,  msl, 
e=iV*  Substituting  these  values  in  our  formula,  we  shall  itnd  that 
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the  sum  of  the  inflnite  progresnon  is  f  ss-^.  And  M~Mess\%,  which 
miikestbe  ]ialf-breedsr=the  pure  formsxcm;  and  rm=j\.  LetM=2, 
«i=l,  ^•=s-|^5;  thea  half-breeds =piu'o  forma x too-  I^et  Mss2,  ntsl, 
then  the  inflnite  progression =1,  M  — Mr=l,  and  the  pnrefonnfl 
iT)  onch  generation  will  equal  and  the  half-breeds  Ax^.  Therefore 
Half-breeds=Pure  breeds x^.  ' 

Lot  A(  =3,  wi=2,  r=^;  theivthe  sum  of  the  infinite  progres8ion=l, 
and  tlie  Hulf-breed8=^  X  2  x  A  f  ^I— Mc)n-i,  and  the  Pare-breed8=l^  x  A 
(M— Mr)»i-i;  therefore  Half  breeds=Pure-breeflsx§. 

Lot  M=.S,  m=2j  c~^;  then  Hnlf  br('eds  =  Pnn'  l)r<'edsx5. 
\.Ql  M='.i,  m=2,  ('=^;  tlioii  IIult'  breeilssE  l*ure  t)n'(*ds  x  ^• 
Let  "M=3,  )w=2,  tlicii  Hal  f-breeds=:  Pure  l)ieedsx  c- 

iHJt  M=3,  wi=2,  ('=i\jy  then  Half  bi  ee(l.s  =  l*ure-breedsx  A- 
Xjet  M=3,  fw=2,  c=iiirj  then  HaU-bretd8= Pure-breeds Xxii* 

Tablk  IV. — Simjilific4  Formuim  Jor  the  I'roporiions  im  ichich  Ualf-breeda  and  Three- 
qHMrf$t'hre«h  tUtnd  fo  Pwe'treedt  when  all  an  equally  vigorout. 

From  Tablo  UI      leiiru  tliat 

When  (1— 2c)m  is  less  tliaii  M — Mc,  the  Bcrioa  within  tlio  liracket*  is  a  docroasing 
geometrical  progression,  aud  vre  muy  obtain  the  v:ilue  oi'  the  whole  series  by  the 

JUL  • 
faasmltk  6^1— q~  Applying  this  fomnU^  we  li«ve 

1I_    mc    ^         1   10   y  M— Mo       ^  IM  

P~M-Mo    ,    (  l-2c)    "£[=110  M-Mo-m+2me  M-m+{Ste-M)e  ..(1) 

.\H=Px„   (2) 

If  //(  -  the  ratio  of  fertility  for  t ho  Three-quarter-breeds,  theu  according  to  the 
reaHouing  given  in  Tables  VII  and  VIII, 

2m' V  . 

«Ml  P^"^fi  

The  foUowiufj  sobitiuiis,  as  well  as  thusr  <;iven  in  Table  V,  are  ob- 
tiiincd  by  substituting  values  for  M,  m,  and  c  in  fonuula  (2): 

When  M  =  4,  m^,  then  if 


r 

half-brctids 

pnre-breedfl  X  f, 

c 

hnlf-ltrwds 

]iiirL>-liree<l8  X  3, 

C 

huh -breeds 

piirc-l>ree4ls  X  §, 

c 

h 

half-breeds 

pofe-breeds  X  k, 

e 

half-bmeds 

piire-breeds  x  h 

0 

\, 

half-breeds 

pnre^broedH  x 

r 

X 

half-bre«'(lM 

juire-bn-eils  x  iHt? 

c 

half-breeds 

pure- breeds  X  W> 

r 

lialf-breeda 

pure-breeds  x  A, 

0 

ion* 

Iii]f«bfeeds 

pnre-brMda  x  tIi 
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When  If  =  6,  m  =  4^  then  if 


C  : 
f  i 

c  ■ 
e 

C  I 

r ! 


h 

h 

1 

».» 
J 

t 


half-breeds 

liair-breeil» 

half'breedfl 

half-breeds 

hHlf-T»re<'cl8 

linlf-hreeds 

ImU- breeds 

hftlf-breecis  i 

lialf*breeilM 

hall'-breods 


T^0,  half-breeds 

Tablh  v. 


puro -^roedH  X  t, 
l)ur<»-bm'd»  X  U 
pure  breeds  x  f « 
pare-breefis  X  f, 
l>iire-l»ri'eds  X  51, 
pure -Iun  ciIh  X  -i*ti. 
pur|{-bree4lN  x  A» 
pure-breeds  x 
pure>breeds  X  Ar 
pure-breeds  x  t^i* 
pure<breed8  x  -nib)- 


When  HsrlO,  aiiil- 


If     I  tlion  ll.ilf.breed»= 

Turf  lin"«'<l»  V 
If  e  =  |,H  =  Px 
If  f  ^i,  H  ^  I'  x 

II  c=ii.  H    r  - 

If  c==^4.  H^Px 
If  Ci^l.  H  =  PX 


If  e-i,  H 


1  3 
l« 

A 

I  r 

<> 

I  8 


If  c^,\,.  H  =  Px  

if6  =  ,i„ji^rA   ih 

If       f^g,  H  =  P^*.>>.«>  iJbii 


I« 
A 

1  I 


A 


I'. 

foil 

iA« 


T 

i\ 
14 


3««4 


a« 

A 
A 
A 
A 


1l»s4;  j  M3b3i 

A    1  A 

» 

1* 

A 

A 

IS 

A 

A 

A 

A 

A 

50 

A 

A 

A 

ii 

sr 

A 

A 

A 

A 

1 

1« 

A 

A 

A 

A 

A 

«>: 

so 

t 

(1(1 

?« 

»il 

3 

«*« 

>A< 

rA< 

■At 

OB8ISRVATIOX8  ON  TABLE  V. 

This  matheuiatiral  annlysis  ol  the  etlects  of  |X).sitive  segrt'pitioii  aud 
segn'gate  ft'cuiidity  w  licii  coiiperatiug  briuj^s  distiuctly  into  view  sev- 
eral important  rehitions 

First.  lueoniplpft^  forms  of  segre^jation,  that  avail  little  or  nothing  in 
jireventin;;  a  fonii  tiom  being  aljsorbed  in  the  eonrse  of  time,  beeome 
very  efficient  when  strengthened  by  moderate  degrees  of  mutual  steril* 
ity .  Take,  for  instance,  the  line  of  tlie  table  in  which  ^U.  If  1  in 
every  100  tiuiouH  i8  a  cross  with  some  other  form,  the  form  will  in  time 
be  overwhelmed,  unless  other  eauses  come  in  to  counteract;  bat  here 
we  see  that,  if  segregate  fecundity  occurs  in  the  ratio  of  10  to  0,  the 
pure  form  becomes  12  times  as  numerous  as  the  h^-breeds;  and  if  in 
the  ratio  of  10  to  5,  it  becomes  100  times  as  numerous. 

Second.  Again,  if  we  take  the  proportional  diflferences  between  the 
different  terms  of  the  top  line  opposite  c  —  we  shaD  find  them  very 
unlike  the  differences  that  appear  in  the  bottom  line  opposite  c  T  iAn;* 
In  the  former  the  first  term  is  9  times  as  large  as  the  last;  while  in  the 
latter  the  first  term  is  more  than  80  times  as  large  as  the  last.  This 
shows  that  when  segregation  is  intense,  differences  in  the  degree  of  segre- 
gate fecundity  produce  greater  contrasts  than  the  same  differences  do 
when  the  segregation  is  slight. 

Digitized  by  Google 


DIVERGENT  EVOLUTION  THROUGH  SEGREGATION.  325 


Third.  A  siiniiar  distinction  is  loiind  w  hon  we  compare  the  right* 
haud  column  with  tlic  left-haud  column.  The  smallest  term  in  the  for- 
mer is  to  the  largest  term  in  the  same  column  us  1  to  S99,  while  in  the 
left  hand  column  the  greatest  difference  is  as  1  to  100.  This  shows  that 
when  segregate  fecundity  is  stronglj'  developed,  differences  in  the  de 
grecs  of  segrejxation  produce  gronter  contrasts  than  the  same  differ- 
ences ])r<Klucc  \\  ]\*'u  the  sc;rn'^atc  Iccuiidity  is  hnt  sliglitly  devel()pc<l. 

l*\)iu'th.  (Jncc  more  k't  us  consider  tlic  rchitioiis  to  ciich  other  of 
the  four  terms  that  stand  in  tlie  ii]>pcr  Icft  liMiKl  <  oi  iier  of  the  table. 
Supp<i8e  that  nf  sonte  one  variety  of  a  plant  si)eeics.  charattten/.ed  by 
pre-potential  segregation  and  segregate  fecundity,  we  ha\  e  ocein  ring  in 
equal  numbers  four  variations  whose  relations  to  other  vaiieties  are 
indicated  by  the  figures  given  in  these  four  terms,  while  in  their  rela- 
tions to  each  other  they  are  completely  fertile  and  not  segregated. 
"Which  variation  will  leave  the  greatest  number  of  pure  offspring;  that 
is,  the  greatest  number  of  offspring  belonging  to  the  one  variety  to 
which  the  four  variations  alike  belong?  Kvulenily  the  variations  rep- 
resented by  the  fraction  i\  will  iiave  the  greatest  iulluence  on  the  fol- 
lowing generation.  But  as  the  sui)iM)8ed  conditions  allow  of  exact 
computation,  let  us  look  at  the  problem  a  littles  closer.  If  each  varia- 
tion numbers  say  a  tbousaud  iudividaals,  then  the  number  of  each  that 
win  bleed  true  will  be  as  follows:  Of  the  one  represeuted  by— 

I'j,  520  Aviii  breed  true  and  474  wilJ  (Tohh, 
iPf,  550    will  breed  trtie  tuid  45(>    will  cross, 

566.5  will  breed  trne  and  444.5  will  eroM, 

000   will  breed  true  and  44)0   will  erorn. 

And  the  next  generation  of  each  kind  will  be  as  follows:  Multiplying 
the  pure  parents  by  10,  and  the  hybrid  parents  by  8  or  0,  according  to 
the  yalne  of     we  have  those  represented  by — 

1%,  pure  ofi'spriug  52(i0,  hybridH  4266^ 
ifff  pure  offsprlnf^  5600,  by  bride  4060, 
•fif,  pure  oHsprioK  5555,  liybrids  :i55f;, 
•iVi  pnxe  offepring  6000^  hybride  3200. 

There  can  therefore  be  no  doubt  that  under  such  conditions  the  aver- 
age pre*potential  segregation  and  segi'egate  fecundity  of  the  next  gen- 
eration will  be  considerably  advanced,  and  so  wi.th  each  successive 
generation  till  the  average  of  the  pure  forms  is  represented  by  the 
fraction  and  is  surrounded  by  a  circle  of  variations,  of  which  one 
will  be  represented  l)y  the  fraction  t^.  And  from  this  new  point  con- 
tinuous advam^e  will  be  made  toward  ever  higher  and  higher  grades 
of  segregation  and  segregate  fecundity ;  though  of  course  the  process 
will  be  subject  to  antagonisms  and  limitations  arising  from  the  princi- 
ples of  self-accunuilating  vigor  and  self-acenmulatiug  adaptation.  Let 
it  however  be  <'arefully  noted  that  we  have  in  this  process  the  mani- 
lestatioii  of  a  new  ])rineiple,  for  it  rests  not  only  on  solf-arc  umuhitiug 
positive  segregatiou,  but  on  seit-accumulatiug  segregate  fecundity. 
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Tabi.i:  VI. — I  trrmula  for  Scyrigalion,  Se</rajate  Fe-oundiln.  und  Segregate  yi0Ot\  giting 
the  proportion  of  ffalf-breed*  to  Pmr^^brmbt  {eon$iruM  from  TabU  III,  aeoordi»g  to 


A 

A(MT— W«>*. 
A(MV-MVc)*. 

A(MV—MVr)«. 


A(MV— MVr)n-l 
A(MV-MVc)» 


T^lU^^^^  number. 
IstgpiMnitlon. 
SndgenaratiaD' 
3r4|{«iiMirmtlaii. 

4th 


n — 1th  cnu-nition. 
nth  goneratiou. . . . 


Half-brMNi*. 


Akmw. 

Awrc(I— 2r)mr  I- Amrc(MV  -MVc). 
.V  mvc{  ( 1— 2<;)  mp)»+Ar»»<;(MV^— M.Ve){l— 2c>mr+Al( 
(MV-MVc)». 

AiitM(a-2r)n«v)*+ AiN«0(lfy'>MT«)«l— 2e)mv)«-f  Aomm 

(MV-MVc)«(l-2c)mr  ,  Amf-f^MV-MVo'. 

((I    -.V),,!!)     (MV— MVrm 
(M  V— M  V«> + CM  V-MYc>V  • 

/  (I— 2c)iiw \«    (l~2c>mi>  \ 


7  "^MV 

«ltlig8neirmtlioiD«if  Piii»1medii=A(!tfY-~My«)»-i  X 

inrc 

Kure- 


.       ...      .      Half  bnwlH  inrc 
(MV-1IV«){  .Bdtlienfon  in.r«.bro«l«  MV^^rrrX 

/  (1— 2e>mv  \ 


In  the  above  fotmnla  YBvigor  of  pnte-breedB  ezpicMed  by  a  ftaetion  tbat  gives 
the  ])roi>ortion  of  eaoli  genoation  that  grow  to  maturity  and  piopagate;  t-^Hho 
vigor  of  the  half-breede  ezpreHwd  in  the  same  way. 

Tablv  VII.— FV»rmif?a/or  Segregatiom,  SoffrogaU  Foenm^fyf  m»d  Sogrtpiio  H^or,  giwng 
0n9  proportion  of  <A«  Tkroo^wtrter^reedo  to  the  Puro-broeio, 

T=the  namber  of  Tluee^uarter^bfeeds.  m'sratio  of  ftrtility  for  the  lame;  r',  a 

fructiou  givini;  the  proportion  of  the  Three-4|uarter-brt>*  <l.s  that  come  to  matarity. 
H=the  number  of  ]Ialf-brpeilH.    P^rthe  uuniber  of  Puro-brcods. 

Turuin;^:  to  Table  I,  we  tinil  that  the  Tlireo-qti:irtf»r-l»rt'«nU  of  awh  jircMieratiou  are 
the  uffspriug  of  (or  cjof  the  previoua  goneratiou  of  Half-brced»  who  consort  with 
an  eqnal  number  of  Pure^breedH,  plua  the  deaoendante  of  previoue  generations  of 
Three-qnarter-brcedH  in  aH  far  aa  they  breed  with  each  other.  Commencing  our 
computation  with  the  «th  generation  we  know  from  Table  VI,  that  the  previous 

generation  of  Pure-breeds=A  (M  V— MVc)'*~\  and  the  Half-breeila  of  the  same  gen- 
erations A(MV-MVd)'*~'^X  "  ;  being  the  ratio  in  which  Half.breed  stand  to  Pure- 
bn^eds,  which  is  obtained  an  Mhown  in  TablcH  IV.  V,  and  VI ;  and  c  of  this  nnmber 
will  consort  with  an  e«|ual  mnnber  of  Pure-bietxlw,  utakiug  A(.VI  V— MVr)"   ^ X^y  2  c 

parents  in  the  m  — 1th  froneration,  tli.it  will  prodnco  n>'r  '  tititrs  th  it  number  of  Tliri  *^ 
{^uartcr-broetl ottspriug  of  the  nth  generation  that  will  grow  to  maturity.  Starting 
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y/rith  this  uuiuber  in  the  nth  genwation,  and  pttrvuing  the  saue  method  m  wa8  used 

in  coiuiraetlng Table  III,  we  obtaio  the follo'ving  series: 

TbraMnnrtar-braads— 

N-Ill 

*— IH  mH 
(n+l)th  g«n6nitIim=A(MV— MT«)     -p««»ii^»'X(l-2r)mV+A(MV_irVr)  j.2ctfiV. 

(»+2Hb  gen«r»Uon=A(MV— M\ o"  '"2*  «»*•'((»— »ifi  t>'y+ A (ilV-MVc)** JJacw  p'^ 
(n4n)th fTOor«li€m^A(MV-MVe)*"''52tfmV(MV-MVrr((^~f^*^'^Q"+-*^  f 

VmV>_mvc/  *'\mv^mv«>'  ^Kuv^MViJ  }' 

In  the  {n  4  n)lh  ffeaenidoD.  PasAlM  V-OiV«)*** ;  mmI  thenfoi .  ^"  ^  p2««»'i?' 


('>(Siv^"^)'K  )'K  )K  )■). 


Tablk  VIII. — Simplified  fonnultiH,  ifirhtfj  fht'  proporfioaa  in  which  Ilalf-breedn  and 
Thne-qnarter-hretds  ntaiid  to  Vme-brifdn  whvn  wv  haw  both  Se^regaU'.  Fecundity  and 
Seyretjate  }'i*jor. 

From  Table  VI  we  learn  that 

"When  the  mimentor,  {1 — 2c)mv,  is  leas  than  the  denominator,  MV — MVc,  tUo  hiuu 
of  the  whole  series  within  the  brackets  may  be  obtained  in  accordance  with  the 

fbrmola  8  =  ^  ^  in  which  .S  ^  the  sum  of  tlu^  8«^rio»,  a  =  tU«»  liiHi  t«Ttn,  ami  ij  —  the 
coDstaot  multiplier. 

.  H  mre  1 

■  *P~MV  — MVit^    "(1— 2c)m« 

^~MV— MVo 

_      mrc  MV  — MV/'  mrc 

— MV  — MVc^MV  — MVo  — fH/-f-2»«r»-    MV  — j«r+(2»Mr  — MV)o*  *    *  (0 

Applytug  the  same  nietbod  to  the  I'oruiula  in  Table  VII,  we  ftud  that 

T_U  w'i'c 

|.— p  X3Xy  V  —  m'i>'+(2m'r'—  MV)e. 

T_H  2»i'r'c  

and 

T  '2m  r  e 

H  -^MV-m  ."  +  (•_',«  r  -MV)r (8) 


If  M  =  1U,  m—!},  m'—o,  V^^,  r_  ,'„,  r  — Vo.  "~  ' 


1  (M 


and  (as  mssi',  and  r=:r') 

If  M  =-  lQf  «=10,  V=i,  P=s^«,  •'=^tf,  c= 

and  J=A=^;  nnd  J^^ixJ^-nW- 
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In  thi»  latter  case,  where  tlie  Vigor  of  Hybrids  is      that  of  Pure-breeds,  while 

H 

their  Fecundity  is  equal  to  that  of  Pnie-breeds,  we  find  |==)^,  which  is  the  sune 

rcaull  as  that  given  iu  the  viglilh  line  of  the  luat  roliuuii  uf  Table  V,  where  the 
Kecondity  of  crosn  unions  anil  of  Hybrids  is  -^g  that  of  Pnre-brseds,  while  their 
Vigor  is  eqnal. 

THR  INPLrKNCK  OP  SRORBOATK  VIGOR. 

1  tliiiik  Ave  may  say  vrp  h:\xe  here  come  in  Hight  of  one  form  of  the 
Ktill  widor  fonilol(i  I;nv  nln^ady  mentioned;  for  on  the  same  principle 
that  sofi:regate fecund ily  incrcast's  when  once  allied  with  partial  segre- 
g'ation  in  vigorous  forms,  sciiregate  vigor  must  also  tend  to  increase 
when  brought  into  tin*  same  alliance;  and  I  believe  it  will  iKi  lound 
that  there  is  a  similar  principle  tending  to  the  selt-accumuhitioii  of 
segregate  adaijfatimi. 

At  the  ])oint  where  they  both  arise,  that  is  during  the  i>eriod  that 
immeiliately  follows  the  act  of  impri^gnation,  it  isdillicult  to  <listinguisU 
between  the  two  principles,  and  the  mortality  of  the  hybrid  embryo 
before  birth,  or  liefore  it  leaver  the  egg,  may  be  conveniently  classed 
as  segregate  fecundity.* 

Though  the  two  principles  are  so  closely  related,  it  wouhi  be  a  great 
mistake  wot  to  distinguish  them;  for  there  is  no  close  correspondence 
between  the  degrees  in  which  the  two  qualities  occur  in  the  relations 
of  individuals  or  varieties;  and  some  cases  wo  find  segregate  fecundity 
associated  with  integrate  vigor.  Tiie  mule,  though  abBolately  fiterile, 
possesses  vigor  equal,  if  not  saperiorf  to  that  of  either  parent.  In  the 
record  of  experiments  given  by  Darvin  in  ^'Grossand  Self  Fertilization 
in  the  Vegetable  Kingdom''  mention  is  made  of  certain  species  in  which 
self-fertilized  flowers  are  more  fertile  than  the  cross-fertilized,  while  the 
plants  produced  from  the  cross  seed  are  tlie  more  vigorons;  and  of 
other  species  in  which  cross-fertilized  flowers  are  by  far  the  most  pro- 
duetive,  while  theplants  produced  from  thecrossed  seedareneither  taller 
nor  heavier  than  the  self-fertilized.t  In  the  same  work  the  oooimon 
pea  {Piitum  sativum),  the  common  tobacco  {Xieotiana  tabaevm),  and 
Canna  Warscewiczi  are  shown  to  be  more  vigorous  when  raised  from 
self-fertilized  seed  than  when  raised  from  seed  crossed  with  other  indi- 
viduals of  the  same  strain ;  but  in  the  case  of  the  tobacco  and  the  pea 
great  increase  of  vigor  is  produced  by  a  cross  with  a  slightly  difl^erent 
variety,  while  the  fertility  is  increased  but  little  if  any. 

But  the  most  interesting  of  all  his  experiments  as  bearing  on  the  sub- 
ject of  segregate  vigor,  is  given  in  the  history  of  "  The  J)escend(niU  of 
llir  self fvr  til  izid  Plant,  named  Hero,  whieh  appeared  in  the  Sixth  Self  fer- 
tilized (tcneraliou  o/ 1  ])oni<T»a  purpurea.^'  cross  between  the  children 
of  Uero  did  not  give  to  the  grandchildren  aTiy  advantage  over  the  self 
lertilized  grandchildren  raised irom  the  self-fertilized  children."  And, 

*  See  "Origin  of  Species/' 6th  edition,  p. 249. 
f  See    Cross  and  Self-FertiliaatioD/'  pp.  823-898. 
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what  is  far  inoro  romarkabl<»,  the  p\'at-{;i:raiidfhil(lr«n,  raise<I  by  crosti- 
iug  the  fjrandcIiildriMi  with  a  fresh  sto<*k,  had  no  advaiita^-eover  either 
the  inter-crossed  or  the  self-fertilized  jrroat  «rraTidchiklrcu.  Ir  tirus 
appears  that  Hero  and  its  descendants  differtM I  in  coiisritutiou  in  an 
oxtrjK^rdiiiui  V  manner  from  ordinary  ]>!Huts  of  tlie  siinir  species."  "If 
we  l(i(»k  to  the  (ordinary)  i)laiits  <»rth«'  ninth  ^jeneration  in  Table  x,  we 
hiid  that  the  inter-crossed  plants  (of  the  same  stock)  were  in  heij^ht  to 
the  self- fertilized  as  100  to  79,  and  iit  fertility  ns  100  to  2(5;  whilst  tiie 
Colchester-crossed  plants  (raised  by  crossing;  with  a  fresh  stock)  were  iii 
liei{!rht  to  the  iuteierossed  as  100  to  78,  and  in  tertiiity  as  100  to  oI.**» 
The  Colchester-crossed  plants  were  therefoi'e  in  height  to  the  self  fer 
tihzed  as  1  to  0.78  x  0.7!),  or  as  1000  to  010,  and  i.i  fertility  as  I  to 
0.51  X  0.20,  or  as  1000  to  ia.S;  while  the  self  fertilized  deseeiHlunts  of 
Hero  wiien  crossed  with  the  same  fresh  stock  not  only  had  no  advan- 
tage over  those  that  ha<l  been  continuonsly  self- fertilized  for  nine  gen- 
erations, but,  as  the  details  of  the  experiment  show  ,  the  advantage  was 
on  tbe  aide  of  tbe  plants  raised  from  the  self-fiBrtilized  seed.  The  ex- 
periment was  conducted  under  conditions  decidedly  unfitvorable  for  the 
production  of  healthy  plants;  but  as  it  is  usually  found  that  the  .superi- 
ority  of  croAses  between  varieties  is  most  clearly  brought  to  light  when 
tbe  competitors  are  subjected  to  unfavorable  circumstances,  it  seems  to 
Aimish  even  stronger  evidence  of  segregate  vigor  being  occasionally 
produced  in  tbe  earliest  stages  of  divergent  evolution  than  would  have 
been  fiimlshed  if  the  same  degree  of  superiority  in  the  self-fertilized 
plants  had  been  obtained  under  a  less  severe  test.  As  the  case  is  of 
mrasual  interest,  I  give  the  details  as  recorded  by  I>arwin: 

**Sevml  flowers  on  the  self^fertilized  grandchildren  of  .ffero  in  Table 
XT1  were  fertilized  "with  pollen  from  the  same  flowery  and  the  seedlings 
raised  from  them  (great-grandchildren  of  Hero)  formed  the  ninth  self- 
fertilized  generation.  Several  other  flowers  were  crossed  with  pollen 
from  another  grandchild,  so  that  they  may  be  consi<lered  as  t]i<»  off- 
sprin^r  of  brothers  and  sisters,  and  the  seedlings  thus  raised  may  be 
called  tlie  inter  crossed  great-grandchildren.  An<l  lastly  other  flowers 
were  fertilized  with  pollen  from  a  distinct8tocl£,and  the  seedlings  thus 
raised  may  be  caUed  the  Colchester-crossed  great  grandchildren.  In 
my  anxiety  to  see  what  the  result  would  be  I  nnfortunately  ]>Ianted 
the  three  lots  of  seeds  (after  they  had  germinated  on  sand)  in  tlie  hot- 
house in  the  middle  of  winter,  and  in  eonseqncnce  of  this  the  seedlings 
(twenty  in  nnniber  of  ea<'li  kind)  bccaiiic!  very  uiilicaltliy.  some  jjrowing 
only  a  few  inches  in  li«'i;j:lit,  and  vei  y  few  to  t  Iicii-  proper  hci^^^ht.  The 
residt  therefore  can  not  be  fully  trusted:  and  it  would  be  nscless  to 
give  the  nM'asnrements  in  detail.  In  order  to  strike  as  lair  an  a\er- 
age  5»s  ])0ssible  1  lirst  exchided  all  the ]>lants  under ."»()  inciiesm  liei^ht, 
thus  rejecting  all  the  most  unhealthy  plants.  TIk^  six  seU-fertibzed 
thus  left  were  on  an  average  0G.86  iiiches  high,  the  eight  inter-crossed 

*"CiDBa  and  Solf-Fertilisatioii/'  jpp.  47,  GO,  61. 
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plaDts  (!.';.2  lii^^li,  an<l  the  seven  Colchestei-orosseii  .'m  lii^li;  so  that 
tl)('r»'  wiis  uot  imu  li  ditVereiU'c  Itotwcon  tlic  three  sets.  th<'  srlf  fertilized 
phmis  hjiviiij?  a  sli^^lit  jnl vaiitai^e.  ^'or  was  there  auy  great  (litVrrtaice 
when  only  tlie  plants  under  'M>  inclios  in  lieiprhf  were  exeludt.d.  Nor 
apfain  when  all  the  x>]iints,  however  uiuch  dwarfed  and  unhealthy,  weie 
included. 

"In  this  latter  ease  the  Coiehester-(  lussed  i^ave  the  lowest  average 
of  all;  and  if  these  plants  had  been  in  any  marked  manner  superior  to 
the  other  two  lots,  as  from  my  lui  uier  experience  1  fully  exjjeeted  they 
would  have  been,  I  can  not  but  think  that  sonic  vestige  of  sueh  superi- 
ority would  have  been  evident,  nothwithstanding  the  very  unhealthy 
eondition  of  most  of  the  plants.  No  advantage,  as  far  as  we'can  Judge, 
was  derived  feom  ititer-crosiaiiig  two  of  the  grandchildren  of  Hero,  any 
more  than  when  two  of  the  children  were  crossed.  It  appears,  there- 
fore, that  Hero  and  its  descendants  have  varied  from  the  common  tyiie, 
not  only  in  acquiring  great  power  of  growth  and  increased  fertility 
when  suhjected  to  self-fertilization,  bnt  in  not  profiting  from  a  cross 
with  a  distinct  stock;  and  this  latter  £ict,  if  trustworthy,  is  a  nniqoe 
case,  as  Hit  as  I  have  observed  iit  all  my  experiments."* 

Let  ns  now  consider  for  a  moment  what  must  be  the  resnlt  when  sach 
a  variation  occurs  in  a  wild  species  subject  to  the  ordinary  conditions 
of  competition.  In  the  first  place,  it  would  gradually  prevail  over 
other  representatives  of  the  same  local  stock,  both  by  its  more  vigor- 
ous growth  and  by  its  greater  fertility,  especially  in  the  case  of  flow- 
ers that  failed  of  securing  a  cross.  And  afterwards,  when  it  came  into 
competition  with  the  equally  adapted  variety  from  which  it  was  par- 
tially protected  by  segregate  vigor,  it  would  neither  be  driven  out 
nor  lose  its  separate  existence  in  a  commingled  race.  It  >\ill  be 
observed  that  we  have  in  snch  a  case  local,  germinal,  and  floral  segre- 
gation, each  producing  partial  effects  whieh  are  enhanced  by  the  seg- 
regate vigor.  In  order  to  bring  out  the  relation  of  these  factors  to 
each  other,  let  ns  assnnte  definite  values  for  each.    Let  ns  suppose  that 

of  the  flowers  aie  self-fertilizi'd,  are  fertilized  witii  pollen  from 
another  flower  ot  tlio  same  plant,  i\  are  fertilized  with  pollen  from 
other  plants  of  the  same  new  variety.  a!id  are  fertili/od  with  pollen 
from  the  older  variety  occupyin;^  ediitiunons  aieas.  Thert  t'ore  the  sum 
of  the  segregating;  inllnenees,  wliieh  is  railed  the  "Ratio  of  pure  breed- 
ing," and  is  represented  by  Iv  in  Table  ii,  eqnals  and  the  "Katio 
of  cross  breeding,"  represented  l)y  r  in  all  the  tables,  etpmls  j^^,.  Again, 
let  us  suppose  that  the  fertility  vi'  tin-  pure  breeds  is  the  same  as  that 
of  the  hall  breeds,  bnt  that  the  snjxu  ior  vigor  of  the  fornuT  is  sneh  that 
any  one  of  the  pure  seeds  has  t  wiee  as  g()od  a  chance  oi  germinating, 
growing  t<»  maturity,  and  protlncinL;  seeds  as  any  one  of  the  crossed 
seeds.  The  general  eflect  on  tlu  linal  resnlt  will  in  that  case  be  the 
same  as  if  the  "  Katio  of  increase  for  the  pnre  unions"  (which  I  call  M) 

*   Cross  and  solf-ferttlization  iu  tho  vegetable  kingdom,'*  pp.  50,  61. 
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equalled  1(^  whWi-  the  Uatio  of  iuctease  for  tlie  cross  unions''  (which  I 
call  m)  equaled  Turning  iwvr  to  T\\h]v  avc  can  easily  tind  the 
ratio  in  which  the  number  of  pnre-breeds  M  ill  stand  t^)  tin'  half-breeds, 
if  the  conditions  continue  lon^;  f(»r  in  the  column  in  which  m  equals  5 
and  in  the  line  marked  c=  ,V  we  find  -g^^,?  wliich  means  that  the  half- 
breeds  will  equal  the  pure-breeds  multiplied  by      or  by 

SKURXaATB  VIUOK  AND  BEURECIATU  VECUKDITY  JtKTWEKX  HUMAN  RACES. 

My  attention  has  recently  been  called  to  the  following  facts  relating 
to  the  Japanese  and  Aino  races,  who  have  for  many  centuries  met  un* 
der  circumstances  favorable  for  interfosion without  any  apparent  efi'ect 

of  this  kind.  I  quote  from  ''Memoirs  of  the  Literature  Collcj^e,  Im- 
perial University  of  Japan/'  Xo.  1:  **The  Language,  Mythology,  and 
Geographical  Nomenclature  of  Japau  viewed  in  the  Light  of  Aino 
Studies,"  by  Basil  Hall  Chamberlain,  p.  43 : 

"With  what  logic,  it  may  be  urged,  do  you  invite  us  to  accept  a 
great  extension  of  the  Aino  race  in  early  Japan,  \vhen  it  is  a  physiolog- 
ical fact,  vouched  for  by  so  high  an  authority  sis  Dr.  Baelz,  that  there 
is  little  or  no  tra<*e  of  Aino  blootl  in  tlic  Japanese  people  f  In  re]»Iy  to 
this  sonic  would  perhaps  (piotc  snrh  ex  titi])1cs;  as  New  England,  whence 
tin*  Tinli  tins  have  vanished,  leaving  nought  behind  them  but  their  place- 
names.  In  Ja])an,  howevei-,  t  he  circumstances  are  diflf'erent  from  those 
of  New  England,  Tliri-e  has  iin<l<ml>tedl y  been  constant  intermarriage 
between  the  conqueioi  s  and  tiie  luitiverae*?  iipou  the  Aiuo  border.  We 
can  infer  this  from  history.  Those  wiio  have  traveh'd  in  Yezo  know  it 
by  peisonal  expeiieni-e  to-day.  Nevertheless,  these  inter-marriages 
may  well  consist  with  the  absence  <»f  any  tra<'e  of  Aino  blood  in  the 
population.  As  a  matter  of  fa<  t,  the  northern  Japanese,  in  who.se 
veins  there  should  be  n^ost  Aino  blood,  at  e  no  whit  hairier  than  their 
compatriots  in  central  hih\  southern  »Japan.  Anyone  may  cuiivince 
himself  of  this  by  looking  at  the  coolies  (almost  all  Nambu  or  Tsugaru 
men)  working  in  the  Hakodate  streets  during  the  summer  months, 
wlien  little  clothing  is  worn.  But  the  paradox  is  only  on  the  surface. 
The  fiict  is  that  the  half-castes  die  out— a  &te  which  seems,  in  many 
quarters  of  the  world,  to  follow  the  misc^enation  of  races  of  widely 
divergent  x>hysique.  That  this  is  the  true  explanation  of  the  phenom- 
enon was  suggested  to  the  present  writer's  mind  by  a  consideration  oi 
the  general  absence  of  children  in  the  half-bred  Aino  families  of  his  ac- 
quaintance. Thus,  of  four  brothers  in  a  certain  village  where  he  staid, 
three  have  died  leaving  widows  without  male  children  and  with  only 
ane  or  two  little  girls  between  the  threes  The  fourth  has  children  of 
both  sexes;  but  they  suffer  &om  affections  of  the  chest  and  from  rhen< 
matism.  Mr.  Batchelor,  whose  opportunities  for  observation  have  been 
unusually  great,  concurs  in  considering  this  explanation  as  sufficient 
as  it  is  simple.  Theie  are  scores  of  mixed  marriages  every  year.  There 
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jiro  imiin'ioii^  li;ilf' l>HT«ls  Ixu  ii  of  these  marriages.  I»ut  iIk- srcand 
ytneiiitioii  is  almost  bin  if  u;  and  sik  Ij  t-liildrcii  an  ar<'  horn — whether 
it  be  from  two  lialf-lued  i)areTits,  or  IVom  one  half  brced  parent  and  a 
membtn-  of  citln'r  pure  race,  arc  ji^enerally  weakly.  In  the  third  or 
fourth  generation  tlie  family  dit'S  out.  It  may  Ix'  added  that  the  half- 
breeds  have  ii  marl;«  d  tendency  t<>  baldness,  and  that  their  bodies  are 
much  less  hair\  diaii  thoscof  the  «^enuine  Ainos.  This  fact  hOvS doubt- 
less heli»ed  to  cause  the  divergence  c»f  opinion  with  regard  to  Aiuo 
hairiness.  For  the  comparatively  smooth  half-breeds  usually  speak 
Aino,  dress  Aino  fashion,  and  ai  e  ivccounted  to  be  Aiuos,  so  that  travel- 
lers  are  likely  to  be  misled,  unless  oonstaiitly  on  their  guard.  There 
seem  to  be  half-breeds  in  aU  the  villages  whitlier  Japanese  peddlers  and 
fishermen  have  penetrated.  There  have  therefore  probably  at  some 
time  or  other,  been  half-breeds  in  every  section  of  Japan  where  the  two 
races  have  come  in  oontaet»'' 

If  these  two  races  were  equal  in  civilisation  and  in  natural  adapta- 
tion to  the  environment,  or  if  one  race  was  specially  adapted  to  moon- 
tain  life  and  the  other  to  life  by  the  seashore.,  it  seems  probable  that 
they  might  permanently  occupy  adjoining  countries  without  losing  any 
of  their  distinctive  characteristics.  Broca,  after  caretul  collation  of  all 
the  information  that  could  be  gathered  from  the  publications  of  trav- 
ellers and  historians,  reaches  the  conclusion  **that  alliances  between  the 
Anglo-Saxon  race  and  the  Australians  and  Tasmanians  are  but  little 
prolific;  and  that  the  mnlattoes  sprung  fiom  such  iiitercxmrse  are  too 
rare  to  have  enabled  us  to  obtain  exact  particulars  as  to  their  viability 
and  fecundity.*'*  1  have  no  means  of  knowing  whether  later  investi- 
gations in  Australia  and  other  parts  of  the  world  have  thrown  Ailler 
light  on  the  mutual  fci  tility  or  sterility  of  the  more  divergent  human 
races,  ))ut  1  am  inclined  to  think  that  the  interest  in  the  subject  has  de- 
clined since  Darwin  has  shown  that  such  data  can  never  afford  pn>of 
that  the  dift'erent  ra<'<'s  of  inan  arc  not  dcscrndcd  from  common  an- 
cestry. Tlicrc  arc  liowcxcr  siiiiis  tliat  a  icncwc<l  interest  in  the  sub- 
ject is  bt  ing  awakened  through  tlic  realization  that  it  has  a  direct  bear- 
ing ou  the  theory  of  the  origin  of  species. 

XMPRROWATIOKAI.  8KGRKQATION  A  CACSB  OP  DtVBRaSNCB  IM  BOTH  ITS  KARURB  AK1> 

LATBB  BTAOXS 

As  we  have  already  seen,  the  negative  fa<!t<)rst  segregate  vigor  and 
segregate  fecuntlily  would  tend  lo  produce  extinction  if  not  asso 
cialcd  w  ith  positive  Ibrnis  of  segregation.  Hut  in  the  case  of  or- 
ganisms whose  fertilizing  elements  are  disributed  by  wind  and 
water,  the  ([ualities  that  produce  these  negative  forms  of  segregji- 
tion  are  usually  ai  companied  by  those  that  produce  pre-poteutial 

•See  "Phimoimnia  of  irybriility  in  th«>  Genus /7(>/m»/,"  By  Panl  nro<!a.  EngliBb 
transl.-ition,  piililiK)iei|  for  thv  Anthropoloiriral  Society  of  J^onduii  by  LongBiMi, 
Giveu,  Lougiuuii,  ;in<l  Ifobcrtt*  (istiiU  nj).  15-tio. 

TFor  a  definition  of  nesative  Begn  gutiou  aee  imge  [iOd  of  this  piip«r.  _  , 
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segregation,  which  i»  iii  an  important  df^gree  positiTO,  But  even  pre- 
potential  segregation,  when  produced  by  mutual  incompatibility  be- 
tween a  few  individuals  and  a  numerous  parent  ntock,  depends  for  its  ^ 
eontinuanre  and  development  on  local,  germinal,  or  floral  segregation, 
partially  securing  the  intergeneration  of  a  few  that  are  mutuaDy  oom< 
patible.  On  t]w  one  hand,  impregnational  segregation  depends  on 
some  degree  of  local,  germinal,  or  tioral  segregation  which  is  a  constant 
feature  in  most  species;  but,  on  the  other  hand,  not  only  do  these  initial 
forimi  of  positive  segregation  fail  ot"  pioducing  any  ])ermanent  diver- 
gence till  ass<K*iated  witli  impregnational  segr('n:ation,  but  the  n>ore 
effective  forms  of  positive  segregation,  such  as  indusfrial,  chroiial,  fer- 
tilizational,  sexual,  and  social  s;*- rogation,  otten  depend  on  iiiii>regna- 
tional  segregation,  inasmucii  as  the  divergence  of  endowments  which 
produces  these  depends  on  impregnational  segre^ati»>ii.  Moreov*  r,  in 
all  such  cases,  increasing  degrees  of  <liver.sity  in  tlie  forms  of  adapta- 
tion, and  consequently  of  diversity  in  th«  1  l  ias  (»t*  natural  seki  t  inn, 
must  also  depend  upon  these  ncirative  factors,  which  in  their  turn  de- 
pend on  the  weak,  initial  forms  tn  ]Mistive  segregation. 

Divergent  ev<>lution  always  de|)euds  on  some  degree  of  positive 
segregation,  but  not  always  on  negative  segregation.  I'ndcr  a  ri;^or- 
ous  condition  of  the  foi  mcr  (as  tor  example  complete  geograi»hical 
segregation),  considi  r;ii>le  divergence'  may  result  without  any  sexual 
incompatibility.  Darwin  has  shown,  by  careful  experiments,  that  inte» 
grate  vigor  and  fecundity  is  the  relation  in  which  the  varieties  of  one 
spetdes  usually  stand  to  each  other.  This  fact  does  not  however  prove 
that  the  more  strongly  divergc>nt  forms,  called  species,  which  are  prc> 
vented  from  coalescing  by  segregate  vigor  and  feenudity,  did  not 
acquire  some  degree  of  this  latter  character  before  siny  xiormaiient 
divergence  of  form  was  acquired.  Their  having  acquired  this  segre- 
gating characteristic  may  be  the  very  reason  why  their  forms  are  now 
so  decidedly  different,  for  without  it  they  would  have  been  swallowed 
np  by  the  incoming  waves  of  inter-generation.  Again,  we  must  remem- 
ber that  forms  only  moderately  divergent  are  habitually  classed  as  dif- 
ferent species  if  they  are  separated  by  segregate  vigor  and  fecundity 
(that  is,  by  some  degree  of  mutual  sterility),  unless  observation  shows 
that  they  are  of  common  descent.  These  two  considerations  suffi- 
ciently explain  why  the  varieties  of  one  sjKicies  are  so  seldom  reported 
as  mutaally  infertile*  ^Notwithstanding  this,  the  experiments  of  Gairt- 
ner  and  of  Darwin,  already  referred  U>  at  length,  seem  to  show  that 
segregate  fecundity  and  vigor  may  adse  between  varieties  that  spring 
from  one  stock.  In  view  of  these  cases,  we  must  t>elieve  that  in  the 
fonnatiou  of  some — ^if  not  many — species,  the  decisive  event  with  which 
permanent  divergence  of  allied  forms  commences  is  the  intt^rvention  of 
aegregatt^  ft^cundity  or  vigor  between  these  forms.  Positive  segrega- 
tion, in  the  form  of  local,  gwminal,  or  tloral  segregation  producing  only 
transitory  divergencies,  always  exists  between  the  i>ortions  of  a  species 

Digitized  by  Google 


334        DIVERGENT  ETOLUTION  THROUGH  8EGSBGATIOK. 


that  lias  many  iiu'iiibcrs,  hut  as  it  does  not  directly  produce  the  necn- 
tive  segregation  which  is,  in  sucli  cases,  the  nece*5s;ny  autecetlent  of 
pt^nnanent  diverfreiice,  we  ran  not,  in  accordance  with  the  U8ap^e  of  lan- 
Lni  iL'f,  <  all  it  /Ae cause  nt"  the  ocnuanent  divergence.  Moreover,  though 
it  may  be  in  acco  iI  iikc  with  ordinary  languaire  tn  call  the  negative 
segregation,  which  is  the  immediate  ante^-edent  of  the  permanent  diver- 
gence, the  cause  of  the  same,  it  will  be  more  correct  to  call  the  coin- 
cidence of  the  negative  and  positive  segregations  the  cause,  and  still 
more  accurate  to  say  that  the  wlude  range  of  vital  activities  (wheu  sub- 
jected to  the  limitations  of  any  sexual  incompatibility  that  corresponds 
in  the  groups  it  separates  to  sonic  previous  but  iiietlectujil  local,  gernu- 
nul,  or  lloral  scgri  gation)  will  ]iroduce  ]»ermanent  divergence. 

In  many  cases  not  only  is  the  entrance  of  impregnatioiial  segrega- 
tion the  cause  of  the  commencement  of  permanent  divergence,  but  ita 
continaaiice  is  the  cause  of  the  continnaiice  of  the  divergence.  The 
clearest  illustration  of  this  is  found  in  the  case  of  plants  that  are  fer- 
tilized by  pollen  that  is  distribated  by  the  wind.  All  the  higher,  as 
well  as  the  lower,  groui)8  of  snch  plants  would  rapidly  ooalesoe  if  each 
grain  of  pollen  was  capable  of  producing  fertilization,  with  equal  cer- 
tainty,  promptness,  and  e£Bdency,  on  whatever  stigma  it  might  falL 
We  may  also  be  sure  that,  with  organisms  that  depend  upon  water  for 
the  distribution  of  their  fertilizing  elements,  impregnational  segrega- 
tion is  an  essential  factor  in  the  development  of  higher  as  well  as  of 
lower  taxonomic  groups. 

It  is  important  to  observe  that,  in  the  cases  under  consideration,  the 
inferior  fertility  or  vigor  resulting  from  the  erowing  of  the  incompatible 
forms  is  as  truly  a  cause  of  divergence  as  ike  inferior  opportunity  for 
crossing  which  from  the  first  existed  between  the  members  oocapying 
diflferent  localities  or  between  the  flowers  growing  on  different  trees  of 
the  same  species.  The  former  has  been  called  negative,  and  the  latter 
positive,  segregation,  not  for  the  sake  of  distinguivshing  different  grades 
of  efficiency,  but  for  the  sake  of  indicating  the  different  methods  of 
operation  in  the  two  classes  of  segregation. 

e)  Tnstitutiomd  segregatiitH, 

Institutional  segregation  is  the  reflexive  form  of  rational  segrega^ 
tion.  It  is  prmluced  by  the  rational  purposes  of  man  embodied  in  in- 
stitutions that  prevent  free  inter-generatlon  between  the  different  parts 
of  the  same  race. 

As  the  principal  object  of  the  present  paper  is  to  call  attention  to 
the  causes  of  segregation  acting  independently  of  effort  and  contriv* 
ance  directs  by  man  to  that  end,  it  will  be  sufficient  to  enumerate 
some  of  the  more  prominent  forms  under  which  institutional  segrega- 
tion presents  itself  noting  that  some  of  these  influences  come  in  as 
supplemental  to  the  laws  of  segregation  already  discussed,  simply  re- 
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enforcing  by  artiflcia]  barriers  the  segregations  that  have  their  original 
basis  in  nature.  The  chief  fonns  that  should  be  enumerated  are  Da* 
tional,  linguistics  easte,  })enal,  sanitary^  and  educational  segr^^tion; 
and  if  we  had  not  alrea<ly  considered  indastrial  segregation  in  the  pre- 
yioae  ehapter,  that  miglit  l>e  added. 

CONCLl'DIKti  SKMABKS. 

Besides  artificial  and  institutional  84>gi  egati(>n,  which  depend  on  the 
rational  purpose  of  man^  we  have  now  considered  nnmerons  forms  of 
segregation,  resting  on  no  less  than  ISgronps  of  purely  natural  causes. 
Owing  to  the  length  of  this  paper  I  deem  it  wise  to  bring  it  to  a  close 
without  discussing  the  laws  that  co-operate  in  intensifying  the  effects 
directly  produced  by  the  segregative  causes  already  considered.  As  I 
baye  shown  in  Chapter  11^  segregation  is  not  simply  the  independent 
generation  of  the  different  sections  of  a  species,  but  the  independent 
generation  of  sections  that  differ;  and  though  no  one  will  believe  that 
any  two  sections  of  a  species  are  ever  exactly  equivalent,  It  is  evident 
that  the  degrees  of  difference  may  be  greater  or  less,  and  that  what- 
ever  causes  a  greater  difference  in  two  sections  that  are  prevented  irom 
intergenerating  will  also  be  a  cause  of  increased  segregation. 

It  has  been  observed  that  some  of  the  causes  enumerated  in  this  and 
the  previous  chapter  are  primarily  separative,  and  that  no  one  of  those 
that  are  primarily  segregative  is  at  any  onetime  segregative  in  regard 
to  many  classes  of  characters.  As  several  forms  of  segregation  may 
oo-operate  in  securing  a  given  division  of  a  s}>pcies  and  one  form  is 
Bupt^r  imposed  upon  another  tlie  ajj^'regate  effect  must  be  incalculably 
greatj  but  we  easily  ])erceive  that  it  may  be  indetiuitely  enhanced  by 
causes  i»roducing  increase*!  diverjjem-e  in  the  s(>f,TPgated  hruuchrs. 
The  causes  which  produce  niouoty])ie  evolution  when  associated  with 
inter-generation  must  be  e<|ually  ettn  tive  in  prodiu'in<;-  ]>olytipic  evolu- 
tion when  associated  with  se-generation,  whether  in  its  separative  or 
seixi  epitive  forms,  liut  the  discussion  of  intensive  segregation  must 
be  reserved  foi-  another  occasion. 

Believing  that  the  study  of  ( lunulative  segrefration  in  its  relations  to 
tlie  other  factors  of  evolution  will  throw  light  on  the  origin  of  species 
far  beyond  what  T  liave  been  abli'  to  elicit.!  tmst  the  subject  will 
Bec!ire  the  attention  ot  those  who  enjoy  better  ux)portunities  tliau  I  do 
for  carrying  forward  sucii  investigations. 
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CLA(»SIFtl5D  TABLS  OP  FORM8  OF  SiaBSGATlOK. 

A.  [  B. 

En\  irniial  8e)fregation.  |  Reflexive  segregation, 

ta)  indiiBtrial  segregation. 

i^iisteiitatioiial. 

Defensive. 

\i(lilu';itii»nal. 
(6)  Cliroual8«gTegatioa. 

(JycUcttl. 

Seasonal. 

f «)  Spatial  Mgregatiou.  ' 

/  Migrotioiwl. 
Oi'ographicttl.  f  J  Trnuaporta- 
Local.  S   ]  tinnal. 

t  (Teoiogical.  I 
((f)  Fartilimtional  segregation.  | 
<«}  Avtifioial  segregation, 

C 

intensive  segregation. 

(«>  AsNimilational  illten^ion. 
ih)  .SLimulatiiiiial  iuti  iision. 
((')  i^netudiual  iut^uHion. 
{d)  Correlated  intension. 
(e)  Inti  grntional  intonsiou. 
( /»  Srl.'ctiotinl  inft  iision. 
{If)  i^'ccuiiilal  ititcnsion. 
(A)  Kiiunuatiuual  iuteusioual. 


(a)  Conjuuctional  segregation. 
Social. 
Sexual. 
Germinal. 
Floral. 

(i)  Impregnational  segregation. 
Segregate  eiae. 

Segregate  structure. 
Preiiotential  sofrregatiou. 
Segregate  fecundity. 
Segregate  vigor. 
<c)  IiwtitntioQal  aegiegation. 
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By  James  Rodway. 


Guiana  Ls,  above  everything  else,  taiiiouH  for  its  varied  and  rampant 
forms  of  vegetable  life.  It  is  ii  eoniitry  of  magnificent  timl)«'r  trees, 
elegant  palms,  wonderful  creeping,  elimbing,  and  scrambling  vine», 
enormous  arums,  and  stately  grasses.  All  of  these  seem  conscious  that 
they  have  to  struggle  for  existence  and  that  the  fittest  only  will  sur- 
vive. Here  we  have  no  forest  of  one  species — in  which  there  appears 
to  be  something  like  combination,  but  every  plant  is  au  individual,  and 
as  such  BtriTes  with  all  Its  might  to  get  «ihead  of  its  neighbor,  no  mat- 
ter bow.  Its  whole  aim  and  end  is  to  obtain  a  share  of  the  bright  sun- 
light which  is  so  plenteously  bestowed,  btit  nevertheless  is  so  hard  to 
get  at.  As  long  as  the  individual  sncceeds  it  does  not  care  what 
becomes  of  the  others;  "everyone  for  himself  and  the  sunlight  for  him 
who  outstrips  the  others"  appears  to  be  their  motto. 

Myriads  of  seeds  are  distributed  in  every  direction;  some  are  eaten 
by  birds,  others  by  quadrupeds  and  monkeys,  while  the  vast  majority 
are  washed  away  by  floods  or  die  in  the  first  stage  of  babyhood.  A 
hundred  may  germinate  under  one  tree,  but  what  poor,  puny  tilings  they 
are !  They  try  their  best  to  raise  themselves  toward  the  light  above  their 
heads,  but  without  a  share  of  that  light  they  have  no  strength.  Their 
seed  leaves  are  almost  colorless,  while  their  stems  are  SO  firagile  that  they 
often  break  off  by  their  own  weight.  One  by  one  they  fall  and  die. 
Here  and  there  however,  in  some  place  where  a  few  rays  of  light  have 
succeeded  in  penetrating  the  canopy  of  foliage,  one  of  them  becomes 
strong  enough  to  get  over  its  first  disu  nities.  Then  it  uses  up  all  its 
strength  to  push  its  way  up  and  u|»  until  it  arrives  at  tlie  top.  It  does 
not  waste  its  energy  l>y  s])readinjj:  in  any  way,  either  in  the  stem  or  by 
branchiutr.  luit  straight  and  thin  as  a  walking'  stiek  at  last  forces  its 
way  into  tlie  sunlight.  Now  comes  a  trarjsformatiou ;  like  a  giant  forcing 
his  w;iy  through  a  crowd  it  pushes  out  a  branch  in  this  diicctiou  and 
another  in  that  until  it  succeeds  in  elbowing  its(»lf  into  a  good  place. 

Except  at  night  there  is  no  rest  in  the  tropical  forest.  The  sti  uggle 
goes  on  all  through  the  year,  beiug  [)erhap8  only  a  little  less  in  the  dry 
season.   No  nice  winter-s  sleep  is  xJ<Js^il>le.   Man  and  the  higher  aui- 

*  From  "  Tlm^tH,"  Jownal  of  the  Bogal  Jgrieullnral  a»d  Commeroial  Soeittif  of  BrU' 
i»k  Qwiana.   June,  1891 ;  vol.  v  (new  seriM),  pp.  13-33. 
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mals  may  take  things  easy,  but  not  so  the  trees.  In  the  ^eat  cities  of 
Europe  men  have  to  carry  on  just  siicli  a  struggle,  but  plants  in  tem- 
perate climates  jog  aloTijr  quietly;  here  the  rase  is  reversed.  From 
da  wn  to  sunset  trees  are  hard  at  work — you  ean  almost  see  sonie  of  tliem 
growing — and  as  iiiiiy  naturally  be  supposed,  they  must  have  a  little 
rest  at  night.  The  tree  is  thoroughl>  «'Nhausted ;  its  branches  lose  their 
stittuess,  while  the  heaves  drooj)  and  lohl  themselves  together.  Unlike 
those  ot  teni])ei  ate  climates,  the  trees  ut  the  tropics  all,  more  or  less^ 
show  these  m,uiis  ot"  exhaust  ion  toward  sunset. 

Forest  trees  have  not  only  toeoiitend  with  eaeh  other, — this  is  a  fair 
tight  where  if  not  equally  matehed  they  are  nearly  so, — but  the  strug- 
gle must  be  carried  on  against  interlopers  of  v.arious  kinds.  Creeping, 
twining,  and  scrambling  vines  ai  r  deterniined  somehow  or  other  to  get 
a  share  of  the  sunlight.  ''There  is  plenty  of  room  at  the  the  top,''  but 
they  have  to  get  there.  Without  light  they  are  like  the  young  trees, 
l^oor,  sickly,  washed-out  thiDgs,  hardly  able  to  to  raise  themselves  even 
with  the  aid  of  the  stems  of  trees  or  other  climbers  like  themselves. 
Some  few  do  succeed,  however,  one  way  or  another-^ue  species  of  Big* 
Donia  by  means  of  veritable  cls^ws — and  when  they  get  to  the  top,  how 
they  do  revenge  themselves  on  the  lorest  trees  which  have  stood  in  their 
light.  We  can  fleincy  one  of  them  saying,  <<Now,  I  am  going  to  smother 
yon."  And  it  does  so  in  many  cases.  It  branches  out  here,  thert^  and 
everywhere,  spreatllng  its  leaves  upon  those  of  its  support,  until  even- 
tually  a  wealth  of  brilliant  flowers  open  out,  eclipsing  those  of  the  trees 
altogether.  As  its  branches  extend  the  stem  swells  and  hardens  until 
it  looks  like  a  great  hempen  cable,  which,  if  it  happens  to  be  a  twiner, 
constricts  its  support  in  serpent-like  folds  until  perhaps  the  tree  is  stran- 
gled to  death.  But  this  does  not  matter,  for  by  that  time  the  rampant 
monster  has  spread  itself  over  a  dozen  giants  of  the  forest  where  it 
revels  in  the  sunlight  and  seems  to  crow  over  its  victory. 

Perhaps  the  most  insidious  enemy  against  which  the  forest  tree  has 
to  contend  is  the  class  of  slranglers  such  sis  clusias  and  tigs.  Hirds 
eat  the  fruit  of  these  horrible  plants,  and  deposit  the  seeds  in  the  top- 
most forks  of  some  forest  giant,  where  they  germinate.  One  of  these 
succeeds  in  getting  ahead,  and,  as  its  leaves  open,  it  extends  a  number 
of  ai'rial  roots  down  the  trunk  of  the  tree  until  the.v  reach  the  earth. 
There  tliey  go, crawling  down,  and  like  very  long  worms,  ajtparently  quite 
harmless,  clinging  to  the  bark,  but  seeming  otherwis<' entirely  wanting 
in  either  ability  (»r  desire  to  injure.  >.'4>w  the  strangler  has  gained  its 
tooting  and  begins  to  leel  us  power.  The  aerial  roots  expand  laterally 
until  they  sictually  run  into  each  other  and  co\  er  the  trunk.  V\"e  can 
almost  fancy  the  magnilicent  forest  tree  protesting  strongly,  as,  <m  i  i  •pu.s- 
like.  the  clusia  l>egins  to  eoini)ress  and  strangle  it.  It  may  j»rotesi  as 
much  as  it  likes,  but  that  makes  no  dill'erence;  the  elusia  grows  stronger 
and  stronger,  until  by  and  ])y,  as  the  strangler  opens  its  magnitieont 
waxy  flowers  to  the  sun  and  glories  in  its  conquest,  the  poor,  unlortu- 
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nate  \nctim  drottiis  aiul  (lies.  Then  the  trunk  becouie.s  (li.seased,  wood 
auts  Ixigiii  their  work^  aud  llually  uothing  is  lell  but  the  hollow  cylinder 
of  the  straDjorler. 

There  is  yet  another  foe  to  the  jjiaat  of  tbt?  forest,  the  parasite  or 
bloodsucker,  the  leech  ol  tlic  vegt  table  kingdom.  Like  the  leech,  it  is 
not  vr'iy  large  in  conipai  ison  witli  its  vict  im,  bat  that  docs  not  matter, 
4is  it  makes  up  in  numbers  what  il  hicks  in  size.  These  plants,  called 
bird  vines  {Loranthacea!)^  are,  like  the  stranglers,  distributed  by  birds. 
The  seeds  are  covered  with  glutinous  pulp,  which,  when  they  are 
dropped  by  birds,  enables  them  to  adhere  to  the  branches  of  the  trees. 
Heiie  they  sprout,  and  with  their  young  leaves,  produce  aerial  roots, 
covered  with  suckers,  which  run  along  and  insinuate  themselves  into 
the  cracks  of  the  bark,  eontinnaUy  nourishing  themselves  on  the  life> 
blood  of  their  victims.  As  the  loranth  extends  itself,  it  seems  to  revel 
in  the  mischief  it  is  producing,  looking  bright  and  happy  in  contrast 
with  its  miserable  victim,  whose  limbs  begin  to  wither  and  fall,  until 
ultimately  the  branch  becomes  dry  and  brittle,  when  perhaps  some  day 
it  breaks  off  by  its  own  weight  and  comes  to  the  ground,  bringing  its 
murderer  with  it.  Sometimes  the  whole  tree  will  be  covered  with  para- 
sites and  ultimately  succumb  to  the  continual  drain,  but  more  often  it 
Burvives  in  a  most  miserable  state  of  weakness,  being  hardly  able  to 
produce  flowers,  much  less  fruit.  Like  a  man  suffering  under  a  chronic 
disease,  it  drags  along  its  melancholy  existence  until  all  its  branches 
wither,  when  ttt^  parasites,  having  nothing  to  live  on,  suffer  a  just  ret- 
ribution. However,  thm  are  always  plenty  of  others  to  keep  up  the 
fight)  as  the  species  are  very  numerous,  while  the  seeds  germinate  by 
thousands. 

Although  there  is  a  scarcity  of  the  larger  animals  in  the  forest,  this 
is  compensated  by  the  wealth  and  variety  of  the  insect  world.  Ants 
are  jnesent  in  myriads,  some  of  them  makinjr  sjid  havoc  on  the  foliapfe 
and  adding  to  the  numerous  foes  ajjainst  whi(  h  the  forest  giant  has  to 
contend.  Then,  there  is  the  gn-at  army  of  wood  ants,  or  termites, 
which  are  the  scavengers.  When  a  tree  is  elbowed. smothered,  stran^^l* d. 
or  sucked  to  death,  the  wood  ants  ai  e  ever  in  readiness  to  (iispose  of 
its  remains.  FTowever  hard  the  timber  may  be,  it  is  not  too  tough  for 
these  insignificant  creatures.  To  look  at,  they  appear  the  weakest  of 
all  insects.  Unable  to  stsind  even  the  subdued  light  of  the  forest,  hav- 
ing to  build  covered  tunnels  so  as  to  be  always  in  darkness,  they  are 
nevertheless  able  in  a  comparatively  short  tnne  to  make  a  fallen  trunk 
as  fragile  as  an  eggshell.  In  wandering  through  the  forest  you  come 
upon  an  enormous  trunk  lying  {jrcross  your  path.  It  is  too  large  to 
step  over,  so  you  imt  your  foot  upon  it,  when,  with  a  crunch,  crunch,  the 
apparently  hard  timber  ommbles  like  a  mummy,  while  the  wood  ants 
are  scattering  in  every  direction  to  get  under  cover.  In  the  larval  state 
the  insect  world  is  also  the  sworn  foe  of  the  tree.  The  elegant  i)alm 
has  its  oanker  at  the  heart  in  the  shape  of  the  borer  beetle.  These 
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princes  of  the  vegetable  kingdoin  are  very  t<Mi(lor;  ;i  si?t'_r1e  larva  will 
kill  the  strongest  of  thi'iii.  There  they  stand,  like  kings  depriv  «'<1  of 
their  crowns,  until  the  Inevitable  m^veugrars  come  forward  and  crum- 
ble thiMn  into  mold. 

In  the  great  struj^jrh'  tor  light,  which  mcms  lite  in  the  forest,  there 
is  noplace  for  small  hn  haceous  plants.  8uL'h  lillle  beauties  as  daisies 
and  primroses  could  lind  no  sunny  banks  or  fields  to  bask  in.  The 
ground  is  stiewn  with  dead  U'a\«'s  and  withered  petals,  which  have 
fallen  from  the  canopy  above,  and  sumetiines  you  pick  up  a  tlower  or 
seetl  and  wonder  which  tree  it  came  from.  You  look  up  and  try  U) 
identify  the  foliage  of  some  particular  tree,  but  they  are  so  intermin- 
gled that  this  is  almost  imjiossible.  There  is  liardly  anything  to  be 
mm  in  the  dense  forest  save  an  interminable  jumble  of  trunks  and 
bush  ropes.  However,  flowers  are  not  entirely  absent.  Scattered  here 
and  there  may  be  found  a  few  leafless  root  parasites.  One  orchid,  the 
Wulhehlegelia  aphyUa^  is  able  to  exist  in  the  half-light,  together  with 
three  species  of  Voyria,  Except  one  of  the  latter,  which  is  like  a  min- 
iature  yellow  croeus,  these  plants  are  particularly  delicate,  poor,  pale, 
sickly  looking  creatures,  that  seem  ready  to  fall  to  pieces  by  their  own 
weight,  although*  they  are  only  2  or  3  inches  high. 

However,  herbaceous  plants  are  not  wanting  iu  the  forests  Let  us 
single  out  n  giant  Mora,  if  we  can,  and  use  a  glass,  when  we  shall  see 
that  its  limbs  are  covered  with  small  jilants,  which  may  be  recognized 
as  orchids  and  bromelias.  Far  above  our  beads  are  the  representatives 
of  Shakespeare^s  ''long  purples''  and  the  other  temperate  orchids 
which  decorate  the  English  meadows.  There  they  sit,  100  to  150  feet 
above  our  heads,  ''born  to  blnsh  unseen,'*  as  far  as  the  human  eye 
is  concerned.  Nevertheless  they  live,  and  perhaps  enjoy  life,  doing 
their  w(u-k,  ami  doing  it  admirably.  They  do  not  elbow  their  neigh« 
bors,  nor  do  tlu^y  smother,  strangle,  or  suck  them,  but  simply  make 
use  of  the  topmost  branches  of  the  forest  giants  as  resting  i>laeeJ4« 
The  orchid  grasj)s  its  support  in  a  loving  manner,  Indding  it  tightly, 
but  not  like  flic  parasite,  to  get  fat  at  its  expense.  No,  the  (»rchid  has 
succeeded  in  making  itself  almost  independent.  It  i.^  satisfied  with  a 
little  light;  sd  there  is  no  necessity  for  interfering  with  its  host.  Hav- 
ing, as  it  were,  succeeded  in  -ettiii;;  out  of  tlie  turmoil  of  tiie  light,  it 
decorates  the  brawny  limbs  ot  the  forest  giant  with  its  brdliant  low- 
ers, and  invites  the  bees  ami  butt-ertlies  to  come  to  its  nuptials. 

Altliongli  it  apparentl.N  takes  things  very  easy,  tlie  orchid  is  l)y  no 
means  idle,  while  its  positicm  to  day  represents  the  outcome  of  genera- 
tions of  steady  work.  Having  no  connection  with  the  soil,  it  has  to 
gather  its  food  from  the  air,  rain,  and  dew,  and  not  only  to  collei  t,  but 
also  to  store  it.  Although  rains  are  frequent  enough,  still  there  are 
dry  seasons,  when,  under  the  tropical  heat,  a  plant  in  such  a  position 
must  wither  and  die  unless  some  provision  were  made  for  these  contin< 
genciee.  Like  the  plants  of  the  desert,  the  orchid  stores  its  food  in 
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anticipation  of  a  drought,  but  every  family,  aiul  almost  ewry  species, 
does  this  in  a  different  manner.  Some,  like  Oneidium  Lanceanum,  lay 
up  their  store  in  thick,  leathery  leaves,  so  that  they  can  eivjoy  x^Ienty  of 
sunlight  vithout  injury.  Others,  like  the  CaUleya^  have  thick  leaves 
and  swollen  stems,  whicli  latter  is  one  of  the  forms  of  the  psendo  bnlb, 
and  is  peealiar  to  the  orchid  family.  Where  the  leaves  are  thin  the 
psendo  bnlbs  are  often  very  large,  so  that  if  every  leaf  should  be  dried 
np  the  plant  still  retains  its  vitality.  In  some  cases  the  store  of  food  is 
laid  up  in  cylindrical  leaves,  some  resembling  porcupine's  quills,  others 
like  yard  lengths  of  thick  twine;  in  others,  there  is  a  plump,  fleshy  stem 
which  answers  the  same  purpose.  A  few  species  have  no  leaves  or 
pseudo  bulbs.  In  such  cases  their  aerial  roots  perform  all  the  functions 
of  both. 

The  liromeliaeew,  wild  pines  as  they  are  called,  have  chosen  an 
entirely  different  manner  of  storing  water  against  a  drought.  Fold* 
in^tJie  bases  of  their  leaves  togetiier,  and  tightly  overlapping  one 
upon  another,  a  cup  is  formed,  which  retains  a  storr  of  water  for  sev- 
eral weeks.  Every  leaf  l>eing  a  natural  gutt^'r  leading  to  this  reser- 
voir, the  plant  succeeds  in  gathering  a  little  water  with  every  shower, 
80  that  it  is  haidly  ever  actually  dry.  Taking  advantage  of  this,  a 
species  of  Ufricnfaria.,  a  strictly  aquatic  plant,  has  succeeded  in  locat- 
ing itself  in  tliese  little  pools,  wlicie  it  luxuriates  far  above  its  swamp- 
dwelling  cousins,  Xot  salisfi<'<l  with  tliis  wonderful  contrivance,  the 
Bromelia  has  also  (h'velopcd  a  ]icculiar  texture  of  leaf,  almost  as  tough 
as  horn,  but  at  tlic  same  time  quite  tb  xibh',  wliich  enables  it  to  stand 
such  a  strong  heat  and  glare  as  wonl<l  ciii)|)lc  the  more  delicate  (.rehid. 

Leaving  the  dense  toiest,  in  wlncJi  only  winged  creatures  can  well 
observe  the  Htruggh*  tor  life,  we  come  across  a  river  or  creek,  which,  if 
it  is  wide  enougli,  breaks  the  ctaitinuity,  and  allows  a  streak  of  sun- 
light to  penetrate.  If,  on  the  contrary,  the  creek  be  only  a  narrow  one, 
the  forest  trees  meet  overhead,  or  we  pad<lle  our  canoe  under  their 
trunks  and  branches,  which  lean  over  and  almost  choke  the  passage. 
Where  the  river  is  broa<l  the  forest  sloi)e8  down  to  it,  looking  at  a  dis- 
tance as  if  there  were  a  high  embankment  when  actually  the  shore  is 
quite  fiat  tor  a  long  distance  behind.  Here  the  struggle  ibr  life  can  be 
fhlly  appredated,  as  the  vegetation  is  nearer  the  eye.  All  along  the 
banks,  without  a  single  break,  shrubs  and  low  trees  are  densely  packed 
together,  each  trying  to  find  room  for  itself  at  the  expense  of  its  neigh- 
bor. They  take  up  every  inch  of  available  space,  extending  their 
branches  as  far  as  possible  over  the  stream,  while  the  creeping  and 
scrambling  vines  take  advantage  of  this  to  spread  themselves  over  the 
whole  face  of  the  embankment  of  foliage,  festooning  it  with  their  gay 
flowers  and  revelling  in  the  fact  that  they  have  succeeded  in  coming 
over  ^  their  supporters.  Sometimes  retribution  overtakes  t^em,  as  they 
make  the  shrub  or  tree  so  top'heavy  that,  when  a  flood  comes,  the 
roots  are  loosened  and  the  swifb  current  tears  away  the  whole  mass, 
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leaving  the  remains  of  tlie  lately  crowiug  suiotlierer  bruised,  toru,  aud 
bleeding. 

The  elbowing  which  goes  on  here  differs  from  that  in  the  "  high 
woods"  in  the  fact  that,  the  struygh' bring  so  much  the  great*  !,  the 
army  of  combatants  lias  put  nn  armor.  There  are  no  weak,  soft  crciir 
tures  here.  Aimosr  as  soon  as  the  seedlings  grow  they  assiiine  their 
weapons.  Cover  a  niau  from  head  to  foot  with  needles  all  jwintiug  out- 
ward, aud  set  him  ta  elbow  himself  through  a  crowd,  aud  you  have 
something  like  what  is  actually  the  fact  with  a  genus  of  comparatively 
low  pahns  {Baetri»),  The  stems  are  densely  clothed  with  needle-like 
spines,  while  the  ribs  of  the  fh>nds  have  the  same  aggressive  spikes, 
all  seemiug  to  say  defiantly  <*  JToH  we  tangerel^  Not  content  with  a 
single  stem,  these  palms  grow  in  clomps,  every  new  sncker  taking  its 
place  beyond  the  others  and  pushing  its  weaker  neighbors  farther  oat 
of  the  way.  Most  of  the  low  shrubs  have  stiff  and  rigid  branches, 
which  of  themselves  form  a  protection,  but  not  content  with  this,  they 
often  have  short,  stiff  thorns,  ready  to  tear  both  the  leaves  and  stems 
of  any  young  plant  which  trien  to  force  its  way  through  them.  Having 
to  contend  against  such  strong  opponents,  the  climbers  put  on  their 
armor  as  well.  The  JDesmonetts  covers  its  stem  with  spines,  and  insinu- 
ates its  young  fronds  through  some  little  gap  toward  the  light.  Step 
by  step  it  ascends,  the  fionds  opening  one  by  one,  each  provided  w^th 
a  most  formidable  arrow  head  having  a  dozen  pairs  of  barbs,  which 
effectually  hold  up  the  weak  trailing  stem.  These  barbs  are  mostdau> 
gerous  weapons  of  offense  to  boatmen  coming  swiftly  down  the  streams, 
as  they  hang  over  as  if  fishing  for  anything  tliat  comes  iu  their  way. 

Beyond  the  line  of  bushes,  and  actually  in  the  water,  grows  the  tree- 
like Mocca-Morca  (Mmifriehardia  arhorescenft),  a  curious  species  of  aroid 
wliicli  has  succeeded  in  ih'veloping  itself  to  a  wonderfnl  size.  In  its 
young  stat-e  it  is  provided  witii  spines,  so  as  to  bt^able  to  push  its  way, 
but  as  it  grows  upward  tliesc  are  no  longer  necessary,  and  are  th<'i'C- 
fore  not  found  on  the  upijer  pai  l  of  the  stem.  Wlien  the  water  is  shal- 
low they  tbrm  an  ini]>enetrable  phalanx  of  several  yards  dee]>  all  along 
the  shore,  their  sums  being  often  20  feet  high  and  paeked  as  eiojseiy 
togt'tlier  as  po.ssil)Ie. 

It  might  be  supposed  tliat  the  gi*asses  other  than  bauihoos  w<niM  be 
entirely  absent  froni  the  forest  region,  but  such  is  not  tlie  case.  One 
8i>ecies,  Paniciim  eh^phontrpcH^  has  suecei  dt'd  in  getting  over  the  difli- 
cidtics  by  taking  lis  place  as  a  water  jdant.  Being  provided  with  large 
cree[»ing  hollow  stems,  it  anchors  itself  to  the  branch  of  some  tree 
that  meets  the  water,  and  ftom  this  point  extends  outward  aud  along 
the  shore.  Growing  \'ery  quickly,  it  often  covers  the  sorfkce  for  some 
distance  from  the  line  of  mocca-moccas,  and  might  prove  a  formidable 
obstruction,  did  not  the  river  swell  at  intervals  and  carry  off  large 
masses,  like  floating  islands,  down  to  the  sea. 

Beyond  the  fringe  of  rami»ant  vegetation  nothing  can  be  seen  from 
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the  river,  but  by  pushing  iinide  tlie  brauches  and  creei>er8,  so  as  to  get 
behind  the  veil,  orchids  may  be  seen  growing  luxuriantly  in  great  nam' 
hm*  Here  live  tlioee  Bpedes  that  delight  in  i)lcuiy  of  moistore,  and 
that  can  not  endure  the  drier  atmosphere  which  is  met  with  in  the  *^  high 
wooda."  Tliis  is  the  home  of  Zygopetalon  rostratum,  which  is  enabled 
to  flourish  and  produce  its  beaatiftil  white  flowers  in  more  gloomy 
leeesses  than  most  of  the  others.  It  has  developed  a  creeping  habit^ 
by  which  it  seems  to  derive  benefit,  being  able  by  this  means  to  grow 
upward  on  a  branch  as  the  tree  extends  itself.  When  this  species  is 
plentifhl  it  forms  quite  a  pretty  decoration  to  the  ragged  branches. 

The  places  where  orchids  are  seen  to  advantage  are  not  however  on 
the  banks  of  the  great  rivers,  but  rather  on  those  that  are  wide  enough 
to  allow  a  moderateqnantity  of  light  to  penetrate.  Not  having  sufficient 
snn-light  to  produce  rampant  vegetation,  such  places  are  very  congenial 
to  a  great  u  umber  of  species.  High  above  the  water  rise  the  giant  moras 
and  other  immense  timber  trees,  while  here  and  thereagri'at  trunk  leans 
across  the  creek,  its  upper  surface  decorated  with  creeping  ferns,  i>ep- 
eromiaS)  and  the  smaller  species  of  orchids,  such  as  PleurothaUix  and 
Dichwa,  In  some  of  the  larger  forks  grow  immense  masses  of  Onculitm 
alttHHimum,  often  3  or  4  feet  across,  their  elegant  flower  stems  being 
10  or  12  feet  high,  hanging  or  curving  grijceftilly  over  and  loaded  with 
hundreds  of  i)retty  yellow  tiowers.  iirassi;i>«  are  also  very  conunon, 
while  lien'  and  there  Sfunhopea  eburnen  pei  luines  the  air  with  its  large 
ivory-white  ]»endulons  l»lossoms.  As  the  i  reek  twists  and  turns  about 
a  new  vista  is  opened  at  intervals,  every  shoi  t  reach,  from  the  ditterent 
degree  ot  light,  showing  some  diversity  in  its  fornis  of  vegetation.  Now, 
as  the  creek  narrows,  the  canoe  is  paddled  through  a  gloomy  cavern 
almost  as  dark  as  Tiight,  from  which  the  exit  appears  at  a  distiiuce  like 
the  termination  of  a  tunnel.  Tlicn  comes  a  wide  bay  where  the  sun 
shines  iu  all  its  brilliauey.  Here  a  mass  of  vegetatio!i  «  hokes  the  pas- 
sage, and  the  cutlass  hiis  to  be  used  freely,  while  a  little  farther  a  for- 
est tree  hjis  fallen  right  across  the  stream,  giving  perhaps  an  hour's 
work  with  the  ax  before  the  cauoe  can  be  pushed  through,  hauled  over, 
or  drawn  under. 

On  leaning  trunks  or  projecting  branches  the  catasetams  are  gener- 
ally plentiful.  There  are  several  species,  which  live  under  entirely 
different  conditions,  and  taken  altogether,  this  genus  is  perhaps  the 
best  example  of  adaptation  to  circumstances  in  the  orchid  family.  On 
the  borders  of  the  swamps,  where  only  the  eta  palm  will  grow,  OtUase- 
tum  langifoUum  finds  a  congenial  home  among  its  lower  fronds.  There 
the  orchid  hangs  downward  and  waves  its  long  grass-like  leaves  in  the 
wind.  OiUat^um  discol&ry  as  a  contrast,  has  come  down  to  the  ground, 
and  on  the  sand  reef,  where  the  forest  trees  find  it  hard  to  live,  this 
species  revels  in  the  poorest  soil.  Being  provided  with  large  pseudo 
bulbs,  the  Gatasetum  endures  the  change  of  seasons  without  injury. 
Although  its  leaves  are  generally  thin  and  are  liable  to  be  dried  up 
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dufiog  a  droughty  tbi8  does  not  iigure  it,  as  tlie  reservoir  of  food  enables 
it  to  vait  patiently  and  even  flowmr  nnder  saeh  conditions  as  migbtbe 
iatal  to  many  other  orchids.  As  if  this  were  not  enongh,  several 
species  have  developed  a  faculty  which  is  almost  aniqne  in  plants, 
although  well  known  in  the  case  of  bees,  that  of  producing  male  or 
female  according  to  circmnstances.  In  the  case  of  Oatateium  tridenia- 
turn  there  are  three  distinct  shapes  of  flowers,  which  diflfer  so  mnch  from 
each  other  that,  until  Schomburgk  found  them  growing  on  the  same 
plant, they  wm  e  described  not  only  as  separate  species,  bnt  even  differ* 
ent  genera.  Tlie  male  was  known  as  Mynnthus  barbatuSf  tiie  female  as 
Monachanthus  viridU,  while  the  third  form,  which  appears  to  be  her- 
maplirodite.  went  by  what  is  now  the  name  of  the  species,  Catasetum 
irident4itum.  When  this  plant  has  plenty  of  food  it  produces  a  spike 
of  female  or  hermaphrodite  flowers,  which  are  thick  and  fleshy,  resem- 
bling in  shape  an  old-fashioned  woman's  cap  or  sunbonnet.  These 
flowers  and  their  attendant  capsules  require  a  special  effort,  and  can 
only  hv  satisfactorily  produeed  ^vben  the  plant  is  in  good  condition. 
During  a  drought,  when  the  plant  is  half  starved,  it  would  be  uunhle 
to  support  such  a  strain,  therefore  a  few  lip:liter  aud  more  elegant  male 
flowers  are  produced,  aud  as  there  will  always  be  some  stronger  plants 
to  i)rodnce  tliose  of  the  opposite  sex  the  work  of  the  weaker  is  not  lost. 

If  one  passc>  under  one  of  these  plants  when  in  flower,  a  swarm  of 
yellow  aud  bla*  k  bumblebees  [Eulema  dimidinta)  are  seen  hovering  in 
its  neighborhood  and  flying  from  lidwer  to  flower.  Except  in  this 
locality  not  a  sinjxle  bee  is  to  be  seeu,  aud  perhaps  a  collector  might 
search  for  miles  without  find  iug  a  specimen,  iiut  when  the  Catasetnm 
opens,  whether  it  is  hidden  ui  the  fork  of  a  tree,  perched  far  up  among 
the  foliage  of  the  eta,  or  on  sand  thrown  up  from  a  charcoal  pit,  the  in- 
sect is  sure  to  find  it  out.  The  flowers  are  not  generally  brilliant  or 
showy,  neither  have  they,  like  the  Stauhopeas,  any  strong  perfumes, 
bat  nevertheless  the  bees  discover  them  at  once.  Even  in  George- 
town, where  many  orchids  do  not  find  their  fertilizing  agents,  and  con- 
sequently remain  barren,  no  sooner  does  the  spike  of  flowers  open  tiian 
the  bees  swarm  round  it.  However  it  may  be  obstructed  by  foliage  or 
hidden  in  some  ont-of*the*way  corner,  the  buzzing  is  heard  in  the  early 
morning,  tellmg  anyone  who  has  his  eyes  open  that  a  Oatasetnm  is 
flowering.  Having  succeeded  in  attracting  the  bee  from  a  distance  in 
some  unaccountable  way,  a  feast  is  provided  in  the  shape  of  a  little 
reservoir  of  nectar,  to  procure  a  sip  of  which  the  bee  has  to  bring  its 
head  in  contact  with  a  pair  of  incurved  antenns,  one  of  which  is  very 
sensitive.  Immediately  on  touching  this  the  cover  of  the  little  case 
containing  the  pollen  masses  flies  off,  and,  like  a  skip  jack,  these  spring 
out,  when,  by  means  of  a  sticky  disk  with  which  they  are  provided, 
they  adhere  to  tbe  back  of  the  insect  and  are  carried  to  another  flower. 
Here  the  pollen  masses  come  in  contact  with  the  stigma  and  the  flower 
is  fertilized. 


Digitized  by  Google 


THE  STBUQOJUE  FOB  LIFE  IN  THE  FOREST. 


345 


Haiigin*;  from  a  creeper  or  branch  maybe  sc^n  here  luid  there  an 
oval,  bag- like  mass  of  oMaM  roots,  something  like  one  of  the  nests  of  the 
troapials  so  common  on  the  silk  eotton  tree,  above  which  are  the 
I»8eado  bulbs  and  leaves  of  that  wonderftil  orchid^  the  Coryanthes. 
Affcer  throwing  out  two  or  three  roots  to  attach  itself  to  its  support,  it 
develops  an  interlacing  network  all  round,  in  a  way  almost  peculiar  to 
the  genus.  At  first  sight  it  would  be  hard  to  say  what  purpose  could 
be  served  by  such  a  contrivance,  but  strike  or  shake  the  plant  and  it 
will  be  seen  that  it  is  nothing  less  than  a  veritable  ant's  nest.  The 
orchid  is,  like  other  plants,  subject  to  the  attacks  of  many  foes  such 
as  cockroaches  and  larvie,  which  are  particularly  fond  of  the  atrial  roots. 
To  protect  itself  against  these,  the  Coryanthes  has  chosen  to  provide 
a  comfortable  nest,  wherein  a  garrison  of  eamivorous  ants  find  shelter, 
they,  in  return  ior  the  accommodatioii,  being  ready  to  come  out  and 
flght  at  the  first  alarm  of  an  enemy.  Other  orchids  which  live  in  the 
tree  tops  are  not  so  subject  to  crawling  insects  as  those  nearer  the 
ground,  and  for  that  reason  it  appears  that  they  have  never  seen  the 
necessity  for  this  special  protection.  Epidendron  {Diaerium)  hieornu- 
tum  has  obviously  felt  this  need,  and  set  to  work  in  its  own  way  to 
accommodate  a  garrison.  Being  provided  with  long,  cylindrical  pseudo- 
bulbs,  it  has  left  these  hollow,  and  for  a  doorway,  allowed  the  shell  to 
split  for  about  a  qiiart-f>r  of  an  inch  at  the  base.  In  these  well  pro- 
tected homes  the  ants  live  and  thiive,  and  in  return  for  their  lod^i:inLr, 
like  thoseof  the  (Joryanthes,  are  a  standinix  tenor  to  evil  doers.  Other 
orchids,  such  as  Gorifiora,  provide  a  half  shelter  for  ants,  but  their 
efforts  in  that  way  are  of  little  importaQcc  as  compared  with  Cory- 
anthes and  DiiKiriuui. 

TTavin^^  provided  a  guard  against  crawling  vermin,  the  Coryanthes 
l>ro<'eeds  to  develop  a  most  woiitl(i(ul  tlower,  in  whicii  every  partis 
obviously  formed  to  attract  a  part  icular  insect.  The  majority  of  insect- 
fertilized  flowers  are  grateful  for  the  visits  of  either  bees,  butterllies,  or 
files,  but  not  so  the  Coryanthes.  It  has  laid  itself  out  only  to  catch 
and  utilize,  without  hurting  it,  a  beautiful  metallic  green  bee  {Eu</lossa 
uurata).  From  the  base  of  one  of  its  pseudo  bulbs,  a  long  flower  stem 
is  produced,  which  pushes  itself  straight  downwards.  Upon  this  it 
haugs  a  number  of  beautiflil  cups,  into  eadi  of  which  a. liquid  drips 
from  two  horn-like  processes  in  the  npper  part  of  the  fiower.  Take  a 
china  teacup  with  a  spreading  mouth,  hang  some  little  flags  over  the 
handle,  and  stick  a  model  of  the  figurehead  of  a  Polynesian  canoe  oppo- 
site, and  you  have  something  like  one  of  them,  as  it  opens  itRclf  in  the 
early  morning  from  a  bud  resembling  the  swathing  of  a  Chinese  lady's 
foot.  The  species  vary  in  color  and  markings,  being  generally  whitish 
or  yellow,  blotched  and  spotted  with  crimson.  Their  odor,  as  judged 
by  our  standard,  is  not  pleasant,  but  nevertheless  it  is  very  attractive 
to  the  bees,  which  immediately  on  their  opening  swarm  round  in  great 
numbers.  Flying  toward  the  flower,  as  a  moth  to  a  candle,  the  bee  falls 
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into  the  liquid  which  covers  the  bottom^  and  wetting  its  wings,  is  un- 
able to  use  them.  Look  into  the  cup  and  you  will  see  a  dozen  bees 
swimming  round  and  round,  or  vainly  trying  to  climb  the  slippery  sides, 
and  if  it  is  the  second  day  after  opening,  one  or  two  may  be  seen 
drowned.  It  was  never  the  intention  of  the  flower,  however,  that  their 
lives  should  be  sacrificed,  but  on  the  contrary,  that  they  should  escape, 
and  in  doing  so  perform  the  office  for  which  tiie  whole  contrivance  has 
been  arranged.  Under  the  flags,  where  the  column  comes  near  but 
does  not  actually  touch  the  cup,  is  a  narrow  opening,  thnnigh  which 
the  bee  c-an  push  its  way  out.  lu  doing  this  it  has  to  use  sufficient  force 
to  widen  the  gap,  which  opens  like  a  spring  door,  wlien  it  comes  in  eon- 
tact  with  the  pollen  case,  ruptures  it,  and  carries  off  the  male  organ  on 
its  back.  Not  being  able  to  fly,  there  is  nothing  to  be  done  but  to 
crawl  over  tlie  fiower  spike,  wliere,  heedless  of  its  former  trouble,  it 
soon  finds  itself  inside  another  tlower.  In  making  its  way  out,  the  i)ol- 
len  masses  are  rubbed  on  the  stigma,  and  the  ovary  fertilized,  after 
whi<  h  it  may  carry  out  tne  pollen  massesof  this  flower  in  turn  to  tertil- 
ize  another.    -    -  - 

Another  side  of  the  struggle  for  life  is  cxeinplilied  on  tlie  sand  reefs. 
ExteiKimg  for  miles,  large  expanses  of  white  ndges  \  ai  v  the  monot- 
ony ot^dcn^e  lorost  and  stream.  Ih'it'  and  there,  between  eluin])S  of 
low  bushes,  I  lie  <>|)en  .space  glares  wiLli  retiected  light  arid  lieat,  while 
tlie  saiul  itseU  is  so  hot  that  the  barefooted  Indian  is  obliged  to  peel 
two  pieces  of  bark  to  ]>rotoet  the  soh  s  of  his  feet  against  it.  Without 
such  an  excessive  raijifull  as  that  ot  (iuiana.  these  reefs  would  be  quite 
barren,  but  under  the  circumstances,  the  hardier  shrubs  and  a  few 
trees  mauage  to  exist.  Where  forest  trees  liave  succeeded  in  obtaining 
a  t<)oting  they  i)iish  their  roots  far  down  below  the  surface,  where  the 
sand  is  moist  and  cool,  but  finding  little  food,  they  naturally  grow 
much  slower  and  are  more  hardy  than  the  same  S]>ecies  in  the  dense 
forest  For  this  reason  timber  itom  such  places  is  always  highly  val- 
ued, as  being  tree  from  sap.  Here  it  is  no  longer  a  fight  with  each 
other,  but  a  hard  struggle  for  bare  existence.  Everything  is  arid  and 
dry,  the  shrubs  being  strong  and  sturdy,  though  small,  while  the  few 
herbaceous  plants  have  leaves  especially  fitted  to  their  surroundings. 
Try  to  dig  up  one  of  these  and  you  may  scrape  away  for  many  ieet 
before  you  get  beyond  the  tap  root.  Here,  in  contrast  with  the  ^  high 
wood,"  annuals  are  seen  during  the  rainy  season.  Not  having  been 
able  to  develop  any  other  special  provision,  they  flower  and  die,  leav- 
ing their  seeds  to  germinate  after  the  drought  is  over.  Orchids  abound 
everywhere  uxK>n  the  low  shrubs,  while  several  genera  have  succeeded 
in  acoommodating  themselves  to  the  sand  itself.  Here  is  a  Cffrtopo- 
(livm  with  a  magnificent  panicle  of  yellow  flowers,  but  whatafinepseu- 
do  bulb  is  this!  Three  to  four  feet  long,  and  thick  and  tieshy,  it  con* 
tains  a  store  of  food  against  all  contingencies.  Unlike  its  relations  of 
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the  tr«M'  tiips,  it  revels  in  tbe  glare,  ouly  partially  screeuinj;'  itself  beside 
the  buslics. 

There  is  a  certain  amount  of  unihiniiity  in  the  lii^di  w()0<is/' uot- 
withstiincliu^  that  two  trees  of  the  same  species  are  hardly  evt»r  s<^n 
together.  The  conditions  being  the  sanie^  and  there  bein^^  no  room  for 
developing  many  8i)ecial  peculiarities,  the  result  to  an  onlinary  trav- 
eUer  is  rather  monotonous.  The  sand  reefs,  on  the  cotitrary,  show  a 
fertOity  of  invention.  Here,  some  kinds  of  plants  entirely  idter  their 
character  with  their  habitat  A  fern  {8ehiza;a)j  instead  of  showing 
fhe  delicacy  of  form  and  texture  common  to  the  order,  has  changed 
itself  into  a  wiry  grass-like  creatare,  without  beauty  or  comeliness. 
Lichens  and  mosses  take  advantage  of  the  slight  screen  of  the  clumps 
of  bushes,  and  grow  on  the  sand  as  well  as  on  the  branches.  Climbers 
run  along  the  sand,  while  the  demon  clusias  flourish  without  strangling 
their  neighbors.  Plants  whose  relatives  are  forest  giants  dwindle  here 
to  little  dwarf  shrubs  of  a  few  inches  high,  with  small  leaves  densely 
covered  with  hair  or  down  to  collect  the  dew  which  ^Is  so  plenteously 
in  the  dry  seasons. 

Much  more  could  be  said  on  the  various  aspects  of  this  great  struggle. 
Every  species,  and  even  every  individual,  is  worthy  of  attontion.  It 
would  almost  seem  as  if  thousands  of  species  would  fall  and  become 
extinct,  and  that  such  has  been  the  case  there  can  1>e  no  doubt.  Never^ 
theless,  there  are  so  many  provisious  against  tlii8,  that  on  the  other 
hand,  we  see  that  such  a  thing  is  comparatix  ely  rare.  Opposed  to  the 
thousand  chances  against  the  imlividual,  nature  has  providc^tl  a  thou- 
sand and  one  in  its  favor.  A  tree  with  a  multitude  of  flowers  will  pro 
diKM'  one  or  two  seeds  to  eaeh,  while  an  orchid,  Avitli  only  a  lew,  often 
numbers  its  see<ls  by  tens  of  thousaiids.  Some  trees  have  fruits  which 
are  food  for  beasts,  birds,  ami  tisiu  s.  ImiT  witli  all  this  there  will  always 
be  a  few  left  to  produce  others  of  the  same  species. 
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We  anderatand  insects  to  be  aninuds  of  small  mze,  AirEisbed  with  a 
hard  skin  and  six  legs,  breathing  by  branehed  air  tabes,  and  commonly 
provided  in  the  adult  eoudition  with  win^  The  animals  thos  organ- 
ized are  pre-eminently  a  dominant  group,  as  is  shown  by  the  vast  num- 
ber of  the  species  and  individuals,  their  universal  distribution,  and  their 
various  habitat. 

The  insect  type,  like  some  fruitful  inventions  of  man— paper  or  lith- 
omraphy,  for  instMiee— -has  proved  so  suecessfhl  that  it  has  been  found 
pvofttable  to  adapt  it  to  countless  distinct  purposes.  I  propose  to  con- 
sider one  only  of  its  inflnitely  varied  adaptations,  viz,  its  adaptation  to 
aquatic  life. 

Tliere  are  insects  wbicli  run  u[>on  the  earth,  insects  which  Hy  in  tlio 
air,  and  insects  which  swim  in  the  water.  The  same  might  be  said  of 
three  other  classes  of  animals,  the  three  lii^hest,  viz,  mammals,  birds, 
and  reptiles.  But  inset-ts  surpass  all  other  classes  of  animals  in  the 
variety  of  their  modes  of  existence.  Owin^?  to  their  small  size  and  hard 
skilly  they  can  burrow  into  the  earth,  into  the  wood  of  trees,  or  into  the 
bodies  of  otticr  animals.  Tlierc  ai  r  some  insects  wliich  can  livo  in  the 
water,  not  as  tlie  niammal,  hinl,  ni  rejytile  does,  cominj;  up  from  time 
to  time  to  breathe,  but  constantly  immersed,  like  a  tish.  This  is  the 
more  remarkable  because  inse<-ts  ar<*.  as  a  class,  nir-fneatliers.  Air 
tubrs  or  trachea*,  branching  tubes,  whose  walls  are  stitieiic(i  by  spiral 
threads,  supply  all  the  tissues  of  the  body  with  air.  That  such  an  ani- 
mal should  be  liati:lic<l  in  water  and  live  almost  the  whole  ol"  its  life 
immersed,  a  tiling  whidi  actuall\  h  tppt'iis  to  many  insec  ts,  is  a  matter 
for  surprise,  and  impiieii  many  modilications  ot  structuie,  atlectiug  all 
parts  of  the  body. 

The  adaptation  of  insects  to  aquatic  conditions  seems  t()  have  been 
brought  about  at  different  times,  and  for  a  variety  of  distinct  purposes. 
Many  dipterous  larvffi  burrow  in  the  earth.  Some  of  these  frequent 
the  damp  earth  in  the  neighborhood  of  streams.  Others  are  found  in 
earth  so  soaked  with  water  that  it  might  almost  be  called  mud,  though 

*  Evnniiijk;  discoiirM',  de]ivere«l  liofore  tbe  Bnti'«li  Associiition,  Carctiff^  1891» — 
(From  Natnre,  September  10, 1S91:  vol.  XMv,  pp.  457-461.) 
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tliey  breatlie  l)y  occasionally  taking  in  atmospheric  air.  In  yet  more 
spet  iali/AMl  nieuibers  of  the  same  order  we  liiid  that  the  Lirva  iiiliabits 
the  mud  at  the  bottom  of  the  stream,  and  depends  for  its  respiration 
entirely  upon  oxygen  dissolved  in  the  water.  The  motive  is  usually 
that  the  larva  may  get  access  to  the  decaying  vegetable  matter  found 
in  slow  streams,  but  some  of  these  Iarv»  have  camiverous  ])ro|)eu8i- 
ties. 

Other  insects  merely  dive  into  the  water,  coming  up  from  time  to 
time  to  breathe,  or  skate  npon  the  surface. 

Kearly  eveiy  order  of  insects  contains  aqnatio  forms,  and  the  total 
number  of  such  forms  is  yery  large.  I  believe  that  all  are  modifications 
of  terrestrial  types,  and  it  is  probable  that  members  of  different  fami- 
lies have  often  betaken  themselves  to  the  water  independently  of  one 
another. 

The  difficulties  which  aquatic  insects  have  to  encounter  begin  with 
the  egg.  It  is  in  most  cases  convenient  that  the  egg  should  be  laid  in 
water,  though  this  is  not  indispensable,  and  the  winged,  air-breathing 
.  fly  is  as  a  rule  ill  fitted  for  entering  water.  Some  insect  eggs  hat<;h  if 
they  are  moroly  scattered,  like  grains  of  sand,  over  the  bott<im  of  a 
stream,  but  others  must  be  laid  at  the  surface  of  the  water,  where  they 
can  gain  a  sufficient  supply  of  oxyjron.  if  tlie  water  is  stagnant  it  will 
sufllce  if  the  e.crgs  are  buoyant,  like  those  which  c<mkpose  the  egg  lafb 
of  the  gnat,  but  this  ]ilan  would  hardly  answer  in  running  8tream», 
which  would  carry  light,  Una  ting  rrrjjsto  great  distances,  or  even  sweep 
tlu'iM  out  to  sea.  ^ioreover,  lloating  eggs  aro  cx]>nscd  to  the  attacks 
of  hungry  creatures  of  various  kiixls,  such  as  birds  or  itic(lat<»rv  iiis«'<-t 
larvse.  These  dini<'ultif'S  have  been  met  in  the  cases  of  a  number  of 
insects  by  laying  the  ej^f^s  in  eliaiiis  or  striiiijs,  aiul  nioorintr  them  at 
the  surface  of  the  wat^-r.  The  ei;;;.^  are  invested  by  a  gelatinous  envel- 
ope, which  swells  out  the  moment  it  reaches  tlie  water  into  an  abun- 
dant, transparent  mucilage.  This  mucilage  answers  more  than  one 
purpose.  In  t  lie  first  plai-e  it  makes  tlie  eggs  so  slijipery  that  birds  or 
ins4!cts  can  not  jirasp  tliem.  It  also  spaces  the  eggs,  and  enables  ea<'h 
to  get  its  fair  .share  uf  air  and  sunlight.  The  gelatinous  Fubstanee 
appears  to  possess  some  antiseptic  ju-operty,  w  hich  prevents  water 
luoles  from  attacking  the  eggs;  for,  long  after  tlii^  eggs  have  hatched 
out,  the  transparent  envelope  remains  unchanged.  The  eggs  of  the 
frog,  which  are  laid  in  the  stagnant  water  of  ditches  or  i)onds,  tloat  free 
at  the  surface,  an<l  do  not  require  to  be  moored.  The  eggs  of  many 
snails  are  laid  in  the  form  of  an  adhesive  band,  which  holds  firmly  to 
the  stem  or  leaf  of  an  aquatic  plant.  Some  insects,  too,  lay  their  eggs 
in  the  form  of  an  adhesive  band.  In  other  cases  the  egg  chain  is  moored 
to  the  bank  by  a  slender  cord. 

The  common  two-winged  fiy,  Chironomus,  lays  its  eggs  in  trans- 
parent cylindrical  ropes,  which  float  on  the  surface  of  the  water. 
During  the  summer  months  these  egg  ropes,  which  are  nearly  an 
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inch  ill  laugthj  may  readily  be  iouiul  on  Mh'  « <Vir(  s  of  a  stone  fountain 
in  a  garden,  or  in  a  water  tion^li  hy  tic  ^ide  of  the  road.  The 
ejigs  are  nrran<xed  upon  tbe  outside  of  the  rojse  in  loops,  w iiicli  bend  to 
right  and  lett  alternately,  foiniiii;^:  sinuons  lines  njjon  the  .surface. 
Each  ejrgrope  is  moored  to  the  bank  by  a  tlircad,  whieh  pasnes  tlii  ()n<ih 
the  middle  of  the  rope  in  a  series  of  loops,  and  then  rt'tnrns  in  as  many 
reversed  and  overla])pini'"  loops,  no  a.s  to  e  th(*  api»earaiH'e  of  a  lock 
stitch.  The  thread  is  so  touffh  that  it  can  be  drawn  out  straight  with 
a  needle  without  breaking.  If  the  egg  rope  is  dipi)ed  into  boiling 
water  the  threads  beoome  apparent,  but  in  the  natural  state  they  arc 
inyisibl^,  owing  to  their  transparency.  The  mncilage  is  held  together 
by  the  threads  inter-woven  with  the  mncilage.  The  loops  oan  be 
straightened  without  injury  until  the  length  of  the  rope  is  almost 
doubled.  If  stretched  beyond  this  point  the  threads  become  strained 
and  do  not  recover  their  original  shape  when  released.  By  means  of 
these  threads,  firmly  inter*  woven  with  the  mncilage  of  the  egg  rope,  the 
whole  mass  of  many  hnndreds  of  eggs  is  taiily  moored,  yet  so  moored 
that  it  floats  without  strain,  and  rises  or  falls  with  the  stream.  The 
®I?8B  All  the  snn  and  air  which  they  require,  and  neither  predatory 
insects,  nor  birds,  nor  water  molds,  nor  rushing  currents  of  water, 
can  injure  them. 

The  eggs  of  the  caddis-fly  are  laid  in  larger  ropes,  which,  in  some 
species,  are  very  beautiful  objects,  owing  to  the  grass^greeu  color  of 
the  eggs.  The  egg  raft  of  the  gnat,  which  has  often  been  described, 
IB  well  salted  to  flotation  in  stagnant  water,  and  is  freely  exposed  to 
the  air,  a  point  of  unusual  importance  in  the  case  of  an  iusect  which  in 
all  stages  of  growth  seems  to  need  tlie  most  eflieient  means  of  respira- 
tion, and  whose  eggs  are  usually  laid  in  water  of  very  doubtful  purity. 
The  lower  or  submerged  end  of  each  egg  opens  by  a  lid,  and  through 
this  opening  the  larva  at  length  escai)es. 

The  eggs  of  water-hauntiTi<j:  insei  ts  aie  in  many  ways  parti<*uhnly 
well  suited  for  the  study  of  dcvehtjnTtcit.  Tlie  eggs  of  Chirimomus, 
for  instance,  can  always  be  j)roenred  duriii<^  rlic  summer  mouths.  They 
are  so  transparent  as  to  a<linit  of  cxannnMTion  under  high  ])ower8  of 
the  mieroseope  as  living  objects,  and  as  tiiey  require  no  sort  of  prep- 
aration, they  may  be  replaced  in  the  water  aftei'  each  examination  to 
coutiime  their  development.  This  saves  all  trouble  in  detenuiuing 
the  succession  of  the  diUereut  stages,  a  point  which  usually  presents 
diflicalties  to  the  enjbryologist.  The  whole  devel()i)ment  of  the  egg  of 
C'hironomuB  is  comjiletrd  in  a  few  days  (three  to  six,  aceoidin^^  to  tem- 
perature), and  it  is  therefore  an  easy  matter  to  follow  the  process 
throughout  with  the  help  of  three  or  four  chains  of  eggs. 

When  the  iarvie  are  hatched  and  escape  into  the  water,  new  difficul- 
ties arise.  Some  have  to  seek  their  food  at  the  sui  face  of  the  water, 
and  must  yet  be  always  immersed,  others  live  upon  food  which  is  only 
to  be  found  in  rapid  streams,  and  these  run  serious  risk  of  being  swept 
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awiiy  by  (lie  lu^ih  t»f  water.  All  uvvd  at  least  a  moderate  supply  of 
oxygen,  w  liieh  Ima  either  to  be  drawn  troni  the  air  at  the  surface,  or 
extracted  from  the  water  by  special  ut  gany.  The  ditficulty  of  breafcb.ing 
is  of  eonrse  jirreatly  iucreased  wlieii  the  larva  fcieekn  its  food  at  the 
bottom  of  foul  streams,  as  is  the  ease  with  eert^iin  Diptera.  The  larva 
of  Chimiioiims,  for  examjde,  feeds  upon  vegetiible  matter,  often  in  a 
state  of  decay,  which  is  obLaiued  from  the  mud  at  the  bottom  of  slow 
streams,  and  in  thisuiud  the  hu  va  makes  burrows  for  itself,  cemeutiug 
togetlier  all  sorts  of  materials  by  the  secretion  of  its  salivary  glands 
drawn  out  into  fine  silken  threads.  The  barrows  iii  which  the  larva 
lives  fdrnish  an  important  defense  against  fishes  and  other  enemies, 
but  they  still  further  increase  the  difficulty  of  procuring  a  supply  of 
air.  Hence,  the  larva  frequently  (juits  its  burrow,  especially  by  night, 
and  swims  towards  the  surface.  At  these  times  it  loops  its  body  to  and 
fro  with  a  kind  of  lashing  movement^  and  is  thus  enabled  to  advance 
and  rise  in  the  water.  From  the  well-aerated  water  at  the  snrfiioe  of 
the  stream  it  procures  a  free  supply  of  oxygen,  which  becomes  dis- 
solved in  the  abundant  blood  of  the  larva.  Four  delicate  tubes  filled 
with  blood,  which  are  carried  upon  the  last  segment  of  the  body,  are 
believed  to  be  especially  intended  for  the  taking  up  of  dissolved  oxy- 
gen. The  tracheal  system  is  rudimentaty  and  completely  closed,  and 
hence  gaseous  air  cau  not  be  taken  into  the  body.  The  dissolved  oxy< 
gen,  procured  with  much  exertion  and  some  risk,  must  be  stored  up 
witliin  the  body  of  the  larva,  and  U8e<l  with  the  greatest  economy.  It 
is  apparently  for  this  reason  that  the  larva  of  Chirononius  contains  a 
bh>od  red  pigment,  which  is  identical  witli  the  hiemoglobiu  of  verte- 
brate animals.  The  luemoglobin  acts  in  the  Ohironomus  larv%  as  it 
does  in  our  own  bodies,  as  oxygen-carrier,  readily  taking  up  dis- 
solved oxygen,  and  parting  with  it  ^rradually  to  the  tissues  of  the  body. 

It  is  instructive  to  notice  that  only  sucli  Chirononius  larvje  as  live 
at  the  bottom  and  bnri'ow  in  the  nmd  ])Osscss  the  red  ha?moglobin. 
Those  which  live  at  or  nciir  the  surfae<^  have  colorless  blood,  and  a 
more  complete — thoufrli  still  closed — tracheal  system.  The  larva  of  the 
carnivorous  Tanyjjus,  winch  is  found  in  the  Siiuie  streiims,  but  does 
not  burrow,  has  n  niucli  m(jre  complete  tracheal  system,  and  only 
enough  ha*moi;lobm  to  ^'ive  a  pale  red  tint  to  tlie  body.  The  larva  of 
the  gnat,  again,  which  has  a  large  and  open  tracheal  system,  and  in  all 
staires  of  growth  inhales  gaseous  air,  has  no  ha  inoghjbin  at  all.  A  list 
of  the  many  animals  of  all  kinds  which  <'ontain  ha  iuoglobin  shows  that 
for  some  reason  or  another  each  of  them  r«?quires  to  use  oxygen  e<  <nii>m- 
ically.  Either  the  skin  is  thick,  and  the  res])irat<ay  surface  limiit-d,  or 
they  are  incl(>se«l  in  a  shell  or  they  bunow  in  earth  or  mud.  We  nii.irht 
expect  to  find  tl»at  Inemoglobin  would  always  he  developed  in  the  blood 
of  animals  whose  respiraticm  is  reiidered  dillicult  in  any  of  these  ways, 
but  any  such  expectation  would  prove  to  be  unfoundeil,  antl  there  are 
many  animals  whose  mode  of  life  renders  it  necessary  that  oxygen 
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should  be  stored  and  economically  used,  which  (contain  no  hsemoglobili 
ill  their  blood.  Uoace^vhile  wc  have  a  tolerably  natisfactory  reasou 
for  tiie  occorreDce  of  h»'uio^h)biii  in  annmber  of  aniuials  whose  res])i- 
ratory  surface  is  limited,  aud  wbose  ttnrroundiiigB  make  it  a  ui;)tt(  r  of 
difficulty  to  pro<'ure  a  sufticient  supply  of  oxy^ren,  we  have  to  admit 
that  many  similar  animals  under  the  same  conditions  manaji^e  perfectly 
well  without  hiemoglobin.  Sneli  ndmissicm  is  not  a  logical  refutation  * 
of  the  explanation.  I  might  fairly  ]>ut  forward  the  baldness  of  man- 
kind as  at  least  the  ]»rincipal  reason  for  weai  in<i  wij^s,  and  this  ex]>la- 
nation  would  nf)t  be  inipaiu'd  \\\  any  number  of  cases  of  bald  men  who 
do  not  wrar  wigs.  The  lui  t  is  that  the  respiratory  needs  (even  of 
clo8«^ly  allied  animals)  vary  greatly,  and  fnrtlier.  tln  iv  are  jiiore  w^ayti 
than  one  of  acquiring  and  storinjj  up  oxy^icn  in  tlieir  bodies. 

Either  the  storajre  capacity  tor  oxyjicn  of  the  Chironomus  larva  is 
considerable,  or  ii  must  be  used  v«iry  carefully,  for  the  animal  can  sub- 
sist long  witliout  a  fresh  supply.  I  took  a  tiask  <d"  distillo*!  water, 
boiled  it  for  three  quarters  oi  .iii  lioui,  i  losed  it  tight  with  an  India- 
rubber  bung,  and  left  it  to  cool.  Then  six  larva'  were  introduced,  the 
small  space  above  the  water  being  at  the  same  time  filled  up  with  car 
bonic  add.  The  buitg  was  replaced  and  the  larvnp  was  iratched  from 
day  to  day.  Four  of  the  laryte  survived  for  forty-eight  hours,  and  one 
tU]  the  dfth  day.  Two  of  them  changed  to  pupic.  Nevertheless,  the 
water  was  from  the  ilrst  exhausted  of  oxygeu,  or  nearly  so. 

The  Chironomas  larva  is  provided  with  implements  suited  to  its  mode 
of  life.  The  head,  which  is  extremely  small  and  hard,  carries  a  pair  of 
stout  jaws,  besides  a  most  complicated  array  of  hooks,  some  fixed,  some 
movable.  The  use  of  these  minute  appendages  can  not  always  be 
assigned,  but  some  of  them  are  apparently  employed  to  gnide  the  silky 
threads  which  issue  firom  the  salivary  glands.  The  first  segment  behind 
the  head  carries  a  pair  of  stnmpy  legs,  which  are  set  with  many  hooks. 
Tliese  are  mainly  used  in  progression,  and  help  the  larva  to  hitch  itself 
to  aud  fro  in  its  burrow.  A  similar,  but  longer  pair  of  hooked  feet,  is 
found  at  the  end  of  the  body.  This  hinder  pair  serves  to  attach  the 
animal  to  its  burrow  when  it  stretches  forth  in  search  of  flood. 

Creeping  aciuatic  larva',  such  as  I^phydra,  i)OBsess  several  pairs  of 
legs  in  ^ontof  the  last  pair,  but  the  burrowing  species,  such  as  caddis- 
worms,  agree  with  Chironomus,  not  only  in  their  mode  of  life,  but  also 
in  the  reduction  of  the  abdominal  legs  to  a  single  pair,  which  are  con- 
spicuously hooked. 

The  larval  head  in  tltis,  as  in  many  other  aquatic  insects,  is  far 
smaller  an<l  simpler  tlian  that  of  the  tly.  The  larval  head  islittlr  more 
than  an  implffuent  for  biting  and  spinning,  by  no  means  such  a  scat 
of  intelligence  as  it  is  in  hiiiher  animals.  1  n  Ghirononnis  it  t;(mtains  uo 
brain;  tlie  eyes  are  mere  sjjecks  of  pi;;ment,  and  the  aiitenufe  are 
insignificant.  But  the  head  of  the  fly  incloses  the  brain,  and  l»«'ais 
elaborate  organs  of  special  sense — many-facetted  eyes,  aud  in  tlie  nuile 
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beautiful  i)1uiihmI  antonna'.  This  diffi'ieiicc  in  size  and  ronipU'xity 
probably  exijlaiiis  the  i\\vt  tliat  the  head  of  the  tly  is  nf)t  developed 
within  the  larval  bead,  but  in  the  tliorax.  It  in  ouly  at  the  time  of 
pupation  that  it  becomes  everte<l,  and  its  appendages  aBsnme  the  posi* 
tion  which  they  are  ultimately  inteuded  to  o('<*npy. 

At  lenj;th  the  Chirouonins  wi«rfrles  out  of  the  larval  skin,  and  is 
transformed  into  a  pupa.  It  no  h»n*2fer  requires  to  leed,  and  the  mouth 
is  coinpletcly  {-loscrl.  If  is  esiually  unable  to  biirrow,  and  usually  lies 
on  the  sui  ta<M'  of  tlu'  iinid.  Two  tufts  of  silvny  n'spinitory  filaments 
project  from  tlic  tor<*  end  of  tlic  hmly  jnst  bcliind  t\\v  luture  head,  and 
tlH'Sc  wave  to  and  Iro  in  the  water,  as  tlie  animal  ultenialely  Ilexes  and 
exttMids  its  body.  At  t!»<'  tail  end  are  two  Haps,  frinj^ed  with  stout 
bristles,  which  forni  a  kind  of  fan.  The  pupa  virtually  consists  of  the 
body  of  the  tly.  inclox'd  within  a  transparent  skin.  The  orirnns  of  the 
fly  are  ali«  ady  complete  externally,  and  even  in  microscopii  <1<  iail  they 
very  closely  resemble  those  of  the  perfect  animal.  Tlnse  puUs  sire 
however  as  yet  very  imperfectly  displayed.  The  winjrs  and  lej^s  are 
foldetl  up  aloufij  the  sides  (d' the  b<»dy,  and  are  ini-apable  of  independent 
movenient.  For  two  or  three  days  there  is  no  outward  change,  except 
that  the  pupa,  which  originally  had  the  blood-red  color  of  the  larva, 
gradually  assnmes  a  darker  tint.  The  tracheal  system,  which  was 
quite  rudiuientary  in  the  larva,  but  ia  now  greatly  enhu  j^cd,  becomes 
filled  with  air,  secreted  from  the  water  by  the  help  of  the  respiratory 
tufts,  and  the  pupa  floats  at  the  surfiice.  At  last  the  skin  of  the  back 
splits,  the  fly  extricates  its  limbs  and  other  appendages,  pauses  for  a 
moment  upon  the  floatini?  pupa  case,  as  if  to  dry  its  wings,  and  then 
flies  away. 

This  fly  is  a  common  object  on  our  window-panes,  and  would  be  called 
a  gnat  by  most  people.  It  can  be  easily  distinguished  fbom  a  true  gnat 
by  its  habit  of  raising  the  forelegs  fVom  the  ground  when  at  rest^  It 
is  entirely  harmless,  and  the  month  parts  can  neither  pierce  nor  suck. 
Like  many  other  Diptera,  the  flies  of  Ghironomns  associate  in  swarms, 
which  are  believed  in  this  case  to  con.siBt  entirely  of  males.  The  male 
fly  has  plumed  antenna*,  with  dilated  basal  joints.  In  the  female  fly  the 
nnteinne  are  snudler  and  simpler,  as  well  as  more  widely  separated. 

In  brisk  and  lively  streams  another  Diptertms  larva  may  often  be 
found  in  fjreat  numbers.  This  is  the  larva  of  Siniulium,  known  in  the 
win«jed  state  as  the  snnd  fly.  The  Simulium  larva  is  much  smaller  than 
that  of  <'hironomns,  and  its  blood  is  not  tin<red  with  red.  The  head  is 
|irovided  with  a  pair  of  ciliary  orjrans,  fan-like  in  shape,  con,sistiu{:  of 
niany  lon^isJi  tiiaments,  and  borne  npon  a  sort  of  stem.  The  frinjjed 
filaments  are  nscd  to  Kwee]>  the  fo(»d  into  the  mouth.  The  larva  of 
^imulium  subsists  entirely  U]son  mieroseojiic  platits  an*!  animals. 
Amon^  thes(^  are  izreat  nnndters  oj"  dintonis,  an<l  the  stomach  is  usunlly 
found  half  full  of  ilie  llinty  valves  of  tlie^e  microscopic  plants.  The 

^imulium  larva  seoks  its  food  in  rapid  viuxeuts  of  water,  and  a  bii&k 
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flow  of  well  nc'i  ntcd  water  has  a|)]i;n  t'litly  become  a  lu'cossity  to  it.  If 
tlir  larva"  are  taken  out  of  a  stream  and  placed  in  a  vessel  of  clear  water, 
they  soon  beeoirje  shiirjiisli.  and  in  warm  weather  do  not  survive  very 
lonir.  It  matters  little  however  to  the  larva»  whether  the  water  in 
whieh  they  live  in  ]mre  or  impure,  and  streams  whieh  are  c<»ntamiiiate<l 
with  st'Wiiue  often  contain  them  in  jjreat  abuudiinee.  There  are  no 
externally  visible  orjrans  of  respiration,  but  the  Kkiu  is  supplied  by  an 
abundant  network  of  fine  tracheal  branches,  which,  no  donbt,  take  up 
oxyj^en  frcmi  the  well  ari'ated  water  in  which  the  animal  lives.  From 
this  network  at  the  surfac  e  branches  pass  to  supply  all  the  internal 
orpins.  The  Simuliuni  larva  is  found  upon  aiiuatie  weeds,  and  the 
pair  of  hindfeet,  which  in  Chironomns  were  shaped  so  as  to  enable  the 
lanra  to  bold  on  to  its  burrow,  here  become  altered,  so  as  to  fui'uish  a 
new  means  of  attachment.  The  two  feet  are  eomi)leteIy  united  into 
one.  The  two  clastere  of  hooks  found  in  the  Chironomns  larva  form 
now  a  circular  coronet,  and  the  center  of  the  inclosed  space  becomes 
capable  of  being  retracteil  by  means  of  mnscles  which  are  inserted  into 
it  from  within.  The  larva  is  thus  enabled  to  adhere  to  the  smooth  sur- 
face of  a  leafy  holding  on  by  its  sucker,  which  is,  no  doubt,  aided  by  the 
circle  of  sharp  hooks.  Efficient  as  this  adhesive  organ  undoubtedly 
is,  it  must  be  liable  to  derangement  by  occasional  accidents,  as  for 
instanoe  if  there  should  be  a  sudden  rush  of  water  of  unusual  violeneey 
or  if  the  larva  should  be  obliged  to  quit  its  hold  in  order  to  avoid  some 
dangerous  enemy.  In  the  case  of  such  an  accident  it  is  not  easy  to  see 
how  it  will  ever  recover  itsfootinj*.  8wept  alon^^  in  a  rapid  current, 
we  miv^ht  su}>po..e  that  there  would  be  but  a  slender  probability  of  its 
ever  iiiidin^  itself  favorably  placed  for  the  application  of  it^  sucker 
and  hooks.  But  such  emergencies  have  been  c;arefully  provided  for. 
The  salivary  glands,  or  silk  organs,  which  the  Chironomns  larva  uses 
in  weaving  the  wall  of  its  burrow,  ftirnish  to  the  Simuliuu)  larva  long 
mooring  threads,  by  nutans  of  which  it  is  anchored  to  the  leaf  upon 
which  it  lives,  Kveii  if  the  larva  is  dislodged,  it  is  not  swept  far  by 
the  stream,  and  can  haul  itself  in  aloiiL!  the  mooring  tliread  in  the  same 
way  that  a  spider  or  a  Geometer  larva  climbs  up  the  thread  by  wliich, 
when  ahirmod,  it  descended  to  the  irround. 

When  the  time  lor  pupation  comes  special  ])rovisioii  has  to  l)e  made 
for  the  peculiar  circumstances  in  which  the  whole  of  tin;  aquatic  life  of 
the  Simuliain  is  j»assed.  An  inaftive  and  exposed  pnpa,  like  that  of 
Chironomns,  may  fare  well  cnon^h  on  the  soft  muddy  botl<tni  of  a  slow 
stream,  but  such  a  pupa  would  l>e  swept  away  in  a  moment  by  the  cui- 
rents  in  which  Simulium  is  most  at  hoaie.  When  the  time  of  ])npation 
ilrawH  near  the  insect  constructs  lor  itself  a  kind  of  nest,  not  unlike  in 
shape  the  nest  of  s<mie  swallows.  This  nest  is  prlued  fast  to  the  surftice 
of  a  water- weed.  The  salivary  uids,  which  furnished  the  mooriuj; 
threads,  supply  the  material  of  which  the  nest  is  composed.  Sheltered 
within  this  smooth  and  tapering  case,  whose  pumted  tip  is  directed  up- 
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siieiim,  while  the  opcu  mouth  is  turned  down  stieaiu^  the  pupa  rest« 
securely  during  the  time  of  its  transformation. 

When  the  pupa  case  is  tii  st  formed  it  is  compk^tcly  closed  and  oj^g- 
shaped,  but  when  the  insect  has  cast  the  hirval  skin  one  end  of  the 
case  is  knocke<l  off,  and  the  pupa  now  thrusts  the  fore  part  of  its  body 
into  the  carreut  of  water.  The  respiratory  fllameutS)  which  project 
immediately  behind  the  fatme  head,  just  as  in  Ohirenoraiu,  draw  a  sof. 
fioient  supply  of  air  from  the  oontiunally  changed  water  aroand.  The 
rings  oif  the  abdomen  are  fhrnished  with  a  number  of  projecting  hooks^ 
which  are  able  to  gra^sp  such  objects  as  fine  threads.  The  interior  of 
the  cocoon  is  felted  by  a  number  of  silken  threads,  and  by  means  of 
these  the  pupa  gets  an  additional  grip  of  its  case.  If  it  is  forcibly  dis- 
lodged a  number  of  the  sUken  threads  are  drawn  out  from  the  felted 
lining  of  the  case.  The  fly  emerges  into  the  nmning  water,  and  I  do 
not  know  how  it  manages  to  do  so  without  being  entangled  in  the  cur- 
rent of  water  and  swept  down  stream.  The  pupa  skin  splits  open  just 
as  it  does  in  Chironomns,  but  remains  attached  to  the  ooooon. 

The  hirva  of  the  gnat  is  i>erhap8  more  familiar  t(»  naturalists  of  aH 
kinds  than  any  other  aquatic  dipterous  iuse(;t.  The  interesting 
description,  and  above  all  the  admirable  engravings  of  Swammerdaui. 
now  more  than  two  hundred  years  old,  are  familiar  to  every  student  of 
nature. 

The  larva,  when  at  rest,  floats  at  the  surface  of  stajjnant  wat^r.  It* 
head,  which  is  provided  with  vibratile  organs  suitable  for  sweeping 
minute  particles  into  the  mouth,  is  directed  downwards,  and  when 
examined  by  a  lens  in  a  good  light  appears  to  bebordere<l  below  by  a 
gleaming?  band.  There  are  no  thoracic  limbs.  Tiie  hind  limbs,  which 
were  long  and  hooked  in  the  bm  lowing  Chironomus  larva,  ami  reduced 
to  a  hook- bearing  sucker  in  JSimulinni.  now  disai»pear  altogether.  A 
new  and  peculiar  organ  IS  developed  trom  the  eighth  segment  ol  the 
abdomen.  This  is  a  cylindrical  respiratory  siphon,  traversed  by  two 
large  air  tubes  which  are  <ontiiuied  along  the  entire  length  of  the  body 
and  supply  every  part  with  air.  The  hirva  ordinarily  rests  in  such  a 
position  tliat  the  tip  of  the  resjiiratory  sifdion  is  tlush  with  the  surface 
of  the  water,  ami  thus  suspended,  it  feeds  incessantly,  bre4itljaig  unin- 
terruptedly at  the  same  time.  When  disturbed  it  leaves  the  surfat^e 
by  the  sculling  action  of  its  broad  tail.  Once  below  the  surface  it  sinks 
slowly  to  the  bottom  by  gravity  alone,  which  shows  that  the  body 
is  denser  than  the  water.  We  have  therefore  to  explain  how  it  is 
enabled  to  float  at  the  snrihce  when  at  rest.  The  larva  does  not  will- 
ingly remain  below  for  any  length  of  time.  It  rises  by  a  Jerking  move- 
ment^ striking  rapid  blows  with  its  tail,  and  advancing  tail  foremost 
When  it  reaches  the  top  it  hangs  as  beibre.  head  downwards,  and 
resumes  its  i^iug  operations. 

In  order  to  explain  how  the  larva  hangs  from  the  surface  against 
gravity,  I  must  trouble  you  with  some  aooount  of  the  properties 


Digitized  by'Google 


80HB  DIFFI0ULTIE8  IK  THE  LIFE  OF  AQUATIC  INSECTS.  357 


of  the  surface  film  of  water.  You  will  retulily  believe  that  1  have 
nothing  new  to  communicate  on  this  subject,  and  1  venture  t*>  show 
you  a  few  very  8imi)le  experiments,  Tuerely  beoanse  they  are  essential 
to  the  comprehension  t»f  what  takes  place  in  the  ^niat.* 

In  any  vessel  of  pnre  \\  at<'r,  the  particles  :»t  the  sni  f;tr(  ,  though  not 
(1ifferin«i'  in  composition  from  those  bcneatli,  are  iievt-rtheless  in  a 
peculiar  state.  I  will  not  travel  so  far  from  the  region  of  imtural  his- 
tory as  to  otVer  any  tiieoretical  explanation  of  this  state,  but  will 
merely  show  you  experinientally  that  there  is  a  surface  lilm  which  re- 
sists the  passa^re  of  a  soUd  body  from  beneath.  [  Mensbruggbe's  tloat 
shown. j  You  see  (I)  that  the  tloat  is  Hullicieutly  buoyant  t^)  rise  well 
out  of  the  water;  (2)  that,  when  forcibly  submerged,  it  rises  with  ease 
through  the  water  as  far  as  the  surface  tilm;  (.i)  that  it  is  detained  by 
the  surface  lihu,  and  can  not  penetrate  it.  The  wire  pulls  at  tlie  sur- 
fiice  film  and  distorts  it,  but  is  unable  to  free  itself.  In  the  same  way 
the  surface  film  resists  the  passage  of  a  solid  body  which  attempts  to 
penetrate  it  from  above.  This  will  be  readily  seen  if  we  throw  a  loop 
of  aluminimn  wire  npon  the  snrfiuse  of  water.  [I^'sjieriraent  shown.] 
The  loop  of  wire  floats  about  like  a  stick  of  wood.  Aluminium  is,  of 
oourse,  much  lii^hter  than  iron,  bat  the  floating  of  this  little  bar  does 
not  mean  that  it  has  a  lower  density  than  that  of  water.  If  the  bar  is 
once  wetted,  it  sinks  to  the  bottom  and  remains  there.  Even  a  needle 
may,  with  a  little  care,  be  made  to  float  npon  the  surlaee  of  perfectly 
pure  water.  Still  more  readily  can  a  piece  of  metallic  gauze  be  made 
to  float  on  water.  [Experiment  shown.]  Air  can  pass  through  the 
meshes  with  perfect  ease;  water  also  can  pass  through  the  meshes  with 
no  visible  obstmction.  Bat  the  surface  film,  bounding  the  air  and 
water,  is  entirely  unable  to  traverse  even  meshes  of  appreciable  size. 
These  simple  experimental  results  will  enable  us  to  appreciate  certain 
factA  of  structure,  which  would  otherwise  be  hard  to  understaml,  and 
which  have  been  wrongly  explained  by  naturalists  of  the  greatest  emi- 
nence, to  whom  the  physical  discoveries  of  this  century  were  unknown. 

We  may  now  try  to  answer  three  questions'  aliont  the  larva  oi  the 
gnat,  viz: 

(1)  How  is  it  able  to  break  the  snrf^ice  film  when  it  swims  upwards? 

(2)  How  is  it  a!)le  to  reniaiu  at  the  surface  without  musculai'  eflbrt, 
though  denser  than  wat<'r? 

(3)  TTow  is  it  able  to  leave  the  surface  quickly  and  easily  wlien 
alarm  e<l  ? 

The  tip  of  the  resj)iratory  siphon  is  provided  with  tlircc  tlaps,  two 
large  and  similar  to  one  another,  the  third  smaller  and  diflerently 
shai)ed.  These  flaps  can  be  openeil  or  closed  by  attached  muscles. 
When  open  they  form  a  minute  basin,  which,  thou«^h  not  comph'tely 
closed,  does  not  allow  the  surface  film  of  water  to  enter.  When  closed 

*  A  nnmber  of  other  exix^riinentA.  illiistrnting  the  in  oportiM  of  tlie  siirfaco  film  of 
Wfttur,  are  deecribed  by  Prof.  Boys  hi  hi«  deliffhtful  book  on    So*p  Bubbles." 
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the  air  within  the  siphon  is  unable  to  escape.  At  the  time  whcu  tlie 
larva  rises  U)  the  vSiirt\u"e  the  pointed  tips  of  the  fiups  first  meet  the 
surfjiee  film  and  adhere  to  it.  Tlie  attaelied  niust'les  then  separate  the 
tiaps,  and  in  a  moment  the  basin  is  expanded  and  tilled  with  air.  The 
Burlaee  tihn  is  now  ]nilling  at  the  edges  of  the  basin,  an<l  the  pull  is 
more  than  suttieient  to  counterbnlaiico  the  jjreater  density  of  the  body 
of  the  larva,  which  accordingly  hati.us  tVoiii  the  surface  withonr  eftort. 
When  the  larva  is  alarmed  and  wislies  lo  descend  the  vah  »  -<  close, 
their  ti])s  are  brought  to  a  ]»oint.  an<l  the  resistiu;^  ]nill  of  ihc  surface 
iilm  is  reduced  to  au  unimportant  amount.  [Living  larva;  shown  by 
the  lantern.] 

SwanuiicKlaui  fuiiiui  it  necessary  in  explaining  the  flotation  of  the 
larva  of  the  gnat  to  suppose  that  the  extrenuty  of  its  siphon  was  sup- 
plied with  au  oily  sccnetion  which  repelled  the  watrr.  iSo  oil  ixland 
caji  be  disco  vercil  here  or  elsewhere  iu  the  body  i)f  the  larva,  autl, 
indeed,  no  oil  gluud  is  necessary.  The  peculiar  ]>roperties  of  the  sur- 
face film  explain  all  the  phenomena.  The  surface  film  is  unable  to 
penetrate  the  fine  spaces  between  the  (laps  for  precisely  the  same  rea- 
son that  it  is  unabto  to  pass  through  the  meshes  in  a  piece  of  gauze. 

After  three  or  foar  moults  the  larva  is  ready  for  pupation.  By  this 
time  the  organs  of  the  fhtare  fly  are  almost  completely  formed,  and  the 
pupa  assnmes  a  strange  shape,  very  nnlike  that  of  the  larva^ 

At  the  head  end  is  a  great  ronnded  mass,  which  incloses  the  wings 
and  legs  of  the  lly,  besides  the  compound  eyes,  the  month  parts,  and 
other  organs  of  the  heiid.  At  the  tail  end  is  a  \ysar  of  flaps,  which  form  an 
eiiicient  swimming  fan.  The  body  of  the  pnpa,  like  that  of  the  larva, 
is  abundantly  supplied  with  air  tubes,  and  a  communication  with  the 
onter  air  is  still  maintainetl,  though  in  an  entirely  different  way.  The 
air  tubes  no  longer  open  toward  the  tail  as  in  the  larva,  but  toward 
the  head.  Just  behind  the  head  of  the  future  fly  is  a  pair  of  trumpets, 
so  placed  that  in  a  position  of  rest  the  margins  of  the  trumpets  come 
flush  ivith  the  surface  of  the  water.  Floating  intlii-  p  tsitionthe  pupa 
remains  still  so  Ion;;  as  It  is  undisturbed,  but  if  attacked  by  any  of  the 
predatory  animals  which  ab4mnd  in  fresh  waters  it  is  able  to  descend  by 
the  i>owerful  swimming  movements  of  its  tail  fin. 

Not  that  the  descent  is  without  its  difticultles.  The  pupa  is  not  like 
the  larva,  denser  than  water,  but  buoyant.  Tliere  are  two  resi)iratory 
tubes  in  the  ]>npa,  whereas  there  is  only  one  in  the  larva,  and  to  these 
two  tubes  the  8urfa<*e  film  clings  with  a  tenacity  of  which  only  experi- 
ment (  an  give  an  adequate  idea.  Wiliyuuallow  me  to  give  you  a  little 
mort'  l)orrowed  jdiysies? 

if  we  take  a  solid  body,  cajtable  ot  being  wetted  by  water,  and  phK  c 
it  in  water,  the  surface  tilui  will  adhere  to  the  solid.  If  the  snlid  is 
less  dense  than  the  water  it  will  float  with  part  of  itssurra<'e  out  of  tlie 
water.  Under  such  cinHinistauces  the  stirface  111  in  will  drawn  up- 
wards around  the  solid,  and  will  therefoie  pull  the  solid  ih>wuward&. 
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But  if  the  solid  is  denser  than  the  water,  the  surface  film  around  the 
solid  will  be  polled  dowiiwatds»  and  will  pull  the  solid  upwards.  Sup- 
pose that  a  solid  of  the  same  density  as  water  floats  with  part  of  its 
surfaoe  in  contact  with  air,  and  that  weights  are  gradually  added  to  it. 
The  result  will  be  that  the  surfoce  of  the  water  around  the  upper  edge 
of  the  solid  will  become  more  and  more  depressed.  The  sides  of  the 
depression  will  take  a  more  vertical  position,  until  at  last  the  upward 
pull  of  the  film  becomes  unable  to  withstand  further  increase  of  weight 
If  this  point  is  passed,  the  solid  will  sink.  Before  this  point  is  attained, 
we  shall  have  the  solid,  though  denser  than  water,  kept  at  the  surface 
by  the  puU  of  the  surface  film. 

This  state  of  things  may  be  illustrated  by  a  model.  [Float  with  glass 
tube  attached  to  its  upper  surface.]  You  will  readily  see  that  the  float 
has  to  be  weig}it(>d  apprex;iably  in  order  to  break  the  coniiectiou  of  the 
tnho  with  the  surface  film.  Now  the  pupaof  the  gnat  has  a  pair  of  tubes 
which  are  in  like  manner  attached  to  the  surface  of  the  water.  When  it 
requires  to  descend,  the  pull  of  the  surface  film  would  undoubtedly  be 
considerable.  Adding  wei^^ht  to  the  body  is,  of  course,  impossible,  and  a 
great  exertion  of  muscular  force  would  be  wasteful  of  energy,  even  if  it 
could  be  put  forth.  The  gnat  deals  with  its  difficulty  in  a  neater  way 
than  this,  and  saves  its  mnscnlnr  power  for  other  oecasiotis.  Let  me  show 
you  a  m('tho<l  of  frccin^^  tlic  tioat  from  the  snrfacej  wliich  w  uh  8ugp"<'sf«Hi 
by  observation  of  what  was  seen  in  the  i)uii  i  of  the  ;;iiat.  A  thread 
wetted  with  water  is  drawn  over  the  mouth  ol  each  tube.  It  cuts  the 
connection  with  the  surface,  and  the  float,  losxded  so  as  to  be  denser 
than  water,  goes  down  at  once.  Meinert  has  described  a  ])eneil  of  hairs 
which  app<*ar  to  perform  the  same  otTlee  for  the  pujia  of  the  gnat.  The 
hairs  draw  a  lilin  ot  water  over  theo[)eii  month  of  each  respiratoi  y  tube, 
and  niuscnlar  contraction,  used  moderately  and  economically,  does  the 
rest.  W  lien  tlie  pupa  again  comes  to  the  surt'ai  e  the  tubes  are  over- 
spread by  a  glistening  film  of  water.  This  is  partially  withdrawn  by  a 
movement  of  the  hairs,  so  that  a  chink  appears  by  wliicli  air  cau  bo 
slowly  renewed.  When  the  insect  is  completely  tranquil,  the  hairs 
appear  to  withdraw  more  completely,  and  the  tube  suddenly  becomes 
free  of  all  film.  The  act  of  <^ning  or  closing  the  fihn  is  so  rapid— like 
the  wink  of  an  eye — ^that  T  can  not  pretend  to  have  observed  more  than 
the  closed  tube,  th<^  slightly  open  tube,  and  then  the  sudden  change  to 
a  completely  open  condition.  (Living  pupa>  shown  by  the  lantern.] 

Another  Dipterous  larva  described  and  admirably  figured  by  Swam- 
merdam  is  the  larva  of  Stratiomys,  a  larva  which,  as  the  structure  of 
the  fly  shows,  belongs  to  an  altogether  different  group  from  Ohirono- 
mus,  Simnlium,  or  the  gnat.  Though  only  remotely  connected  with  the 
gnat  in  the  systems  of  zoologists,  the  Stratiomys  larva  has  learned  the 
same  lesson,  and  is  equally  well  fitted  to  take  advantage  of  the  peculiar 
properties  of  the  surface  film.  The  tail  end  of  the  Stratiomys  larva  is 
provided  with  a  beautiful  coronet  of  branched  filaments.  When  the 
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coroiiet  i.s  extended  it  forms  a  bnsiii  ojien  to  the  air  and  impervious  to 
water,  by  reason  of  the  fiiieiicss  of  the  meshes  between  the  component 
hhniients.  Were  the  hirva  provicb'd  with  a  basin  of  the  same  ]>ropor- 
tions  tbrnied  ont  of  continmnis  membrane,  it  might  Hoat  and  Ineathe 
perfeetly  well,  but  th*'  ohl  dilticulty  would  eome  back,  viz,  that  of 
freeinj*  itself  neatly  and  quickly  when  some  snddrn  emerfj^ency  rerpiired 
the  animal  to  leave  the  surface.  As  it  is,  t!ie  i)lume<l  filaments  collapse 
and  their  points  approacli:  tlie  side  brain  lies  are  fohled  inland  the 
basin  is  in  a  moment  reduced  to  a  jHsir  shaptMl  body,  tilled  with  a  glob- 
ule of  air,  and  vj  aching  the  surface  of  the  water  only  by  its  pointed 
extremity.  Down  j^oe^s  the  Stratiomys  lai  \  a  at  the  first  hint  of  (ianj^er, 
iiiniiiii;^  through  the  water  with  swaying  and  lo<>ping  movements, 
somewhat  like  those  of  Chironomus.  When  the  danger  is  \rA»t,  it 
eeases  to  struggle  and  Hoiits  again  to  the  surface.  The  pointed  tip  of 
its  tail  fringe  pierces  thesuiface  film,  the  filaments  separate  ouce  more, 
and  the  floating  basin  is  restored. 

The  larva  of  Stratiomys  is  extremely  elongate.  The  length  of  its 
body  has  evidently  some  relation  to  the  mode  of  life  of  the  larva,  but 
none  at  all  to  that  of  the  fly  which  is  formed  within  it.  The  pupa  is  ao 
much  smaller  than  the  larva  as  to  occupy  only  the  fore  part  of  the  space 
within  the  larval  Rkin.*  The  interval  becomes  filled  with  air,  and 
dnriiig  the  pupal  stage  the  animal  floats  at  the  surface  within  the 
empty  larval  skin. 

Stratiomys,  both  in  its  larval  and  pupal  Btates,  floats  at  the  surfince 
of  the  water.  The  larva  can  descend  into  the  water  when  attaeked, 
but  the  pupa  is  too  buoyant,  and  too  much  encumbered  by  its  outer 
case,  to  execute  any  such  maneuver.  Provision  has  accordingly  to  be 
made  for  tlic  iirotection  of  the  helpless  pupa  against  it«  many  enemies. 
It  is  j)robable  that  hungry  insects  and  biids  mistake  the  shapeless  lar* 
val  skin,  floating  passively  at  the  surfiMse,  for  a  dead  object.  The  con- 
siderable space  between  the  outer  envelope,  or  larval  skin,  and  the 
body  of  the  ])upa  may  keep  oft'  others,  for  the  first  bite  of  a  Dytiscus 
or  dragon-fly  larva  would  be  disappointing.  Still  further  security  is 
gained  by  the  texture  of  the  larval  skin  itself.  The  etiticle  consists  of 
two  layers.  The  inner  is  comparatively  soft  and  lanunat^^d,  while  the 
outer  lay<»r  is  impregnated  with  calcareous  salts,  and  extremely  hard. 
The  iieedlul  tiexibility  is  obtaine<l  by  the  snb  division  (►f  the  hard  outer 
layer.  Seen  from  tlie  sm  tace.  it  is  broki'ii  np  int4»  a  mnltitndc  (»f  liexag- 
onal  fields,  each  ol  which  lorms  t  he  base  of  a  conical  pn>|ection,  retich- 
ingfar  into  the  softer  layer  beneath.  The  conical  shape  of  these  calca- 
reous nails  alhiws  a  certain  annmnt  of  luMuling  of  the  cuticle,  while 
the  wliole  expo.sed  sin  la^  e  is  i)rotected  liy  an  armor,  in  which  even  the 
IKiiuted  mandibles  of  a  Dyti.scus  larva  vmi  find  noetiective  chink. 

*  singular  U  tlie  diHiiroportion  Ix  t^veen  the  Isrva  and  tbe  ]»u]>a  that  Home  nat- 
iM-iiliHt'^  hnvv  acfii.illy  (1<  scribwl  tli«'  lalt«r  as  » paraaite  (Weatwood'a  "Mod.  Claaai- 

licutiuu  oC  luHec^H,  "  vol.  n.  p.  o!i2). 
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The  larva  and  pupa  of  the  Diiiteious  tiy,  Ptifchnpfera  pctludomy  exhibit 
Home  interesting  adaptations  ot  the  tracheal  system  to  iiniimial  cou- 
dith)ns.  The  larva  is  tbmiH  in  innddy  ditelies,  wliere  it  buries  itself 
in  the  bhirk  ooze  to  a  deptli  ol  an  inch  or  two.  Here,  of  course,  it  can 
procure  no  oxygen,  either  jrnseous  or  «lissolved.  When  it  requires  a 
fresh  supply,  it  must  reaeli  iliesurfai-e  with  part  of  its  body,  and  to 
euable  it  to  do  so  with  the  least  possible  exertion,  the  tail  eud  of  the 
body  is  marie  t^elescopic,  like  that  of  another  and  still  more  familiar 
^  Dipterops  larx  a,  ih  istalis.  The  last  segments  are  drawn  very  fine,  and 
are  capable  of  a  very  great  amount  of  retraction  or  expansion.  No  vis- 
ible opening  for  the  admission  of  air  has  been  discovereiU  nor  do  the 
hairs  forui  a  tloating  basin,  as  in  the  Stratiomys  larva.  The  larva  may 
be  often  seen  lying  just  beneath  the  sui  faee,  which  is  broken  by  the  tip 
of  the  t^il.  Whether  air  eau  be  admitted  here  by  some  very  minute 
orifice,  or  whether  it  is  renewed  by  the  exchaoije  of  gases  through  a 
thin  membrane,  I  can  not  as  yet  vontnre  to  say.  In  shallow  water  the 
larva  may  be  oocasioiially  found  lying  on  or  in  the  mndf  and  stretdiing 
oQt  its  long  tail  to  tbe  surface.  In  deeper  water  it  often  floats  at  the 
sni&ce. 

Two  tracheal  trunks  run  along  the  Irhole  length  of  the  body,  includ- 
ing the  slender  tail,  where  they  are  eztrem^y  oonvolnted  and  au- 
branched.  Toward  the  middle  of  the  body  the  trachen  become  greatly 
enlarged  in  the  center  of  each  segment,  the  intervening  portions,  firom 
which  many  branches  are  given  off,  being  comparatively  narrow.  Each 
tube  therefore  resembles  a  row  of  bladders  connected  by  small  necks. 
A  cross  section  shows  that  the  tubes  are  not  cylindrical,  but  flattened, 
and  that,  while  the  lower  surfoce  is  stiifened  by  the  usual  parallel 
thickenings,  the  upper  surface  is  thrown  into  two  deep  longitudinal 
flirrows^  so  that  it  is  really  inflated,  becoming  circular  in  section,  and 
readily  collapses  again  when  the  air  is  expelled,  it  seems  likely  that 
the  buoyancy  of  the  larva  can  thus  be  regulated,  and  a  larger  or  smaller 
(piantity  of  air  taken  in  as  desired. 

The  pupa  has  a  pair  of  respiratory  tubes,  which  are  carried,  not  on 
the  tail,  but  on  the  thorax,  close  behind  the  head.  One  of  these  tubes 
is  very  long,  the  other  very  short.  The  long  tube  is  twice  as  long  as 
the  body  and  tapers  very  gradually  to  its  fre^  tip.  Here  we  find  a 
curious  radi;ite  structure,  rathrr  like  the  teeth  of  a  moss-capsule,  which 
seems  adaptetl  for  opening  and  closing.  There  is  ho\vp^■(*^  no  orifice 
whii'h  the  most  careful  scruti?iy  has  succeeded  iu  discovering.  A  deli- 
cate membrane  extends  bet\vt  ( n  the  teeth,  and  prevents  any  passage 
inward  or  outward  of  air  in  mass.  The  tube  incloses  a  large  trachea, 
the  eontinuatiim  of  one  of  the  main  tracheal  trunks.  This  is  stitfened 
X)}'  a  .spiral  coil,  but  at  intervals  we  hud  t  he  coil  dcticieut,  while  the 
wall  of  the  tube  swells  out  into  a  thin  bUulihu-.  However  the  tube  is 
turned,  a  uumbcr  of  these  bladders  come  to  the  surface.  As  the  pupa 
lies  ou  the  surface  of  the  mud,  the  tilament  floats  on  the  top  of  the 
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wat4M%  and  the  air  is  renewed  without  effort  through  the  thin-walled 

bladders. 

Why  should  the  position  of  the  respiratory  orpfaus  be  eluuif^ed  from 
the  tnil  end  in  the  l;irva  to  the  head  oiul  in  the  ini])a?  Chironomus, 
the  j^nat,  Corethra,  and  manv  other  aqUMi ic  msectw  exhibit  the  same 
phenomena.  I'^videntiy  there  must  bt*  sdiue  reason  Trhy  it  is  more  eon- 
venient  for  the  larva  to  talce  in  nir  hy  the  tail,  and  foi*  the  pupa  to  take 
in  air  by  the  liead,  Let  us  eonsnlt^n  tl)ecase  of  the  larva  first.  Where 
it  rioats  from  the  t«urfaee,  or  pushes  some  part  of  its  Inxiy  to  <he  sur- 
face, it  is  plain  that  the  tail  must  eome  to  the  top  and  bear  the  respira 
tory  outlet,  for  the  Ih^mI  bears  the  mouth  and  mouth  orgfans,  and  must 
sweep  to  and  fro  in  all  «iireetions,  or  even  bury  itself  in  thv  mud  in 
quest  of  fowl.  To  divide  the  woi  k  of  breathing  and  feedin^^  betwe^^n 
the  opposite  ends  of  the  body  is  of  obvious  advantage,  for  the  breiith- 
iug  can  be  done  best  at  the  top  of  the  water,  aud  the  feeding  at  the 
bottom,  or  at  least  beneath  the  surface.  Snch  considerations  seem  to 
have  fixed  the  respiratory  organs  at  the  tail  of  tbe  larva.  Why  then 
need  this  arrangement  be  reversed  when  the  insect  enters  the  pupal 
stage?  There  is  now  no  feeding  to  be  done,  and  it  surely  does  not 
signify  how  the  head  is  carried.  Why  shonid  not  the  pnpa  oontinne 
to  breathe  like  the  larva,  by  its  tail,  instead  of  developing  a  new  appa- 
ratus at  the  opposite  end  of  its  body,  as  if  for  change's  sake!  Well, 
it  does  not  appear  that,  so  far  as  the  pupa  itself  is  concerned,  any  good 
reason  can  be  given  why  the  larval  arrangement  should  not  continue. 
Bat  a  time  comes  when  the  fly  has  to  escape  from  the  pupa  case.  The 
skin  splits  along  the  back  of  the  thorax,  and  here  the  fly  emerges, 
extricating  its  legs,  wings,  head,  and  abdomen  from  their  close-fitting 
envelopes.  The  mouth  parts  must  be  drawn  backward  out  of  their 
larval  sheaths,  the  legs  upward,  and  the  abdomen  forward,  so  that 
there  is  only  one  possible  place  of  escape,  vis,  by  the  back  of  the 
thorax,  where  all  these  lines  of  movement  converge.  If  then  the  fly 
must  escape  by  the  back  of  the  thorax,  the  ba(;k  of  the  thorax  must 
float  uppermost  <luring  at  least  the  latter  part  of  the  pupal  stage. 
Otherwise  the  tly  would  emerge  into  the  water  iustead  of  into  the 
air.  Granting  that  the  back  of  tlie  thorax  must  float  uppermost  in 
the  ])upal  condition,  it  is  clear  that  here  the  respiratory  tubes  must 
be  set. 

I  need  hardly  speak  of  tbc  many  insects  which  run  and  skate  on  the 
surface  of  the  water  in  <  (»ns(Miuen(M>  of  the  peculiar  ]>ro]»crf  ics  of  tiie 
snrface  film.  They  are  able  t<>  do  so,  lirst.  by  reas  n  of  tlieir  small 
size;  secondly,  I M'causc  of  tlu'  ^rciit  spreail  of  tlieir  lc^^s;  and  thirdly, 
on  account  (»f  the  line  hairs  with  wlii<'h  their  h'i^s  are  providetl.  The 
adhesion  of  the  sui  taee  tilm  is  measured  by  tlic  ien^^th  of  the  line  of 
contact,  and  ac* ordingly  tin-  multiplication  of  points  of  contact  may 
indehnitely  increase  the  sui>p4>rt  allorded  by  the  surface  of  the  water. 
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In  the  ease  of  very  small  insects  it  becomes  possible  Dot  only  to  run 
on  the  surface  of  the  water  but  even  to  leap  upon  it,  as  upon  a  table 
This  is  particularly  well  seen  in  one  of  the  smallest  and  siin]^'' =^t  of  all 
insects — the  little  black  Podura,  which  abounds  in  sheets  of  still  water. 
The  minute  and  hairy  body  of  the  Podura  is  incapable  of  being  wetted, 
and  the  insect  frisks  about  on  the  silvcrj''  snrfa^-e  of  a  pond,  just  as  a 
house  lly  nii<j:ht  do  on  the  sin  face  of  quicksilver.  This  is  all  very  well 
so  Ioii<i  as  the  Podnrn  is  anxious  only  to  amuse  itself,  or  move  from 
plaue  to  x>h»ee,  but  it  has  to  seek  its  food  in  the  water,  and,  in<lee<l,  the 
attractiveness  of  a  sheet  of  water  to  the  Podura  lies  maiidy  in  the 
deeayinjr  vej^etation  far  below  tlic  surface.  But.  if  the  insect  is  thus 
incapable  of  sinking  below  the  surlace,  how  does  it  ever  get  access  to 
its  submerged  food 1  iiave  endeavored  to  arrive  at  the  explanation 
of  this  difficulty  by  <>bservation  of  Poduras  in  captivity.  If  you 
pla<*e  a  number  ot  Poduras  in  a  beaker  half  full  of  water,  they  are 
wholly  unable  to  sink.  They  run  about  and  leap  upon  the  surface,  as 
if  trying  to  escape  from  their  prison,  but  sink  they  can  not.  1  have 
chased  them  about  with  a  small  rod  until  they  became  excited  and 
much  alarmed,  bat  they  were  wholly  unable  to  deseend.  Even  when 
large  quantities  of  alcohol  were  added  to  the  water  the  dead  bodies  of 
the  Podnra  are  seen  floating  at  the  top,  almost  as  dry  as  before.  It  is 
only  when  they  are  placed  upon  the  snrfoce  of  strong  alcohol  that  the 
dead  bodies  become  wetted,  and  after  a  considerable  time  are  seen  to 
sink.  How,  then,  does  the  Podnra  ever  descend  to  the  depths  where  its 
food  is  fonndt 

I  fonnd  it  an  easy  matter  to  make  a  ladder,  by  which  the  Poduras 
could  leave  the  npper  air.  A  few  plants  of  duck-weed  introduced  into 
the  beaker  enabled  them  at  pleasure  to  pull  themselves  forcibly  through 
the  surface  film,  and  elimb  down  the  long  root  hanging  into  the  water 
like  a  rope.  Once  below  the  snrfaee,  the  Podura,  though  buoyant,  is 
enabled,  by  mu.scular  exertion,  to  swim  downwards  to  any  depth. 

Other  aquatic  insects,  not  quite  so  minute  as  the  Podura,  experience 
something  of  the  same  difficulty.  A  (ryrinns,  or  a  small  Ilydrophilus, 
finds  it  no  easy  matter  to  quit  the  surface  of  the  water,  and' is  ghid  of 
a  stefn  or  root  to  descend  by. 

To  leave  oiir  aquatic  insects  for  a  moment,  we  may  notice  the  habit 
of  creeping  on  the  under  .side  of  the  surfat c  film,  which  is  so  often  prac- 
tice<l  by  leeches,  snails,  cyclas,  etc,  1  lind  this  is  often  described  as 
cree]>in;j:  on  tlie  «<r,  and  some  natuialists  of  the  greatest  eminence 
speak  of  fresli-water  snails  a-^  rree]»in(j  ''on  the  stratum  of  air  in  con- 
ta<'t  with  the  surface  of  the  water."*  The  body  of  the  anifnal  is,  nev- 
ertheless, wholly  irnmcrsed  during  this  exercise,  as  may  be  sliown  by  a 
simple  expel  iment.  If  Locopodium  powder  is  sprinkled  over  the  water 
the  light  particles  are  not  displaced  by  tiie  animal  as  it  travels  beneath. 

*  Semper's  "  Animal  Life,"  Eng.  trans.,  p.  205,  and  note  97. 
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The  iK>8sil)ility  of  creeping  in  this  iiiaiia*  i  depoTids.  not  upon  any 
repulsion  Ix^tweeu  th«  water  mimI  tluMlry  surface  of  the  body,"  to  quote 
an  explanation  wliich  is  often  ^ixcn,  but  upon  the  tenacity  of  the  sur- 
face lilm,  whicli  serves  as  a  kind  of  ceibiijc  to  the  wat<*r<'baTnber  below. 
The  body  of  the  leech  is  distinctly  of  higher  speciitic  ^rnivity  than  the 
water,  and  falls  tjui^  kly  to  the  bottom,  if  the  animal  loses  its  hold  of 
the  surfjvce  fibn.  The  pond  snails  however  jwrtnally  tloat  at  the  sur- 
face, and  if  disturbetl,  or  made  to  retriutt  tlieir  loot,  they  merely  turn 
over  in  the  wat^jr.  , 

What  is  the  rettnlt  of  all  the  expedients  which  have  enabled  air- 
breathing  inaecta  to  oveieome  the  diffienlties  of  living  iu  water  f  They 
have  been  snceesBftil,  we  might  aluioat  say  too  auocessfnl,  in  gaining 
aeceae  to  a  new  and  ample  store  of  food.  Aquatic  plants,  minnte  ani- 
mals, and  dead  organic  matter  of  all  kinds  abomid  in  our  fresh  waters. 
Accordingly  the  species  of  aqnatie  insects  have  mnltiplied  exceedingly, 
and  the  unmber  of  individuals  in  a  species  is  sometimes  surprisingly 
high.  The  supply  of  food  thus  opened  out  is  not  only  ample,  but  in 
many  cases  very  easy  to  appropriate.  Accordingly  the  head  of  the 
larva  degenerates,  becomes  small  and  of  simple  structure,  and  may  be 
in  extreme  cases  reduced  to  a  mere  shell,  not  inclosing  the  brain,  and 
devoid  of  eyes,  anteun»,  and  jaws.  The  organs  of  locomotion  also 
commonly  aftbrd  some  indications  of  degeneration.  Where  the  insect 
has  to  find  a  mate,  and  discover  suitable  sites  for  egg-laying,  the  fly  at 
least  must  possess  some  degree  of  intelligence,  keen  sense  oi^ns,  and 
means  of  rapid  locomotiou.  But  some  few  aquatic  insi^cts,  as  well  as 
some  non-a<]uatic  species  which  hav(>  fouml  out  an  uDlimite<l  store  of 
food,  manage  to  produce  offspring  from  unfertilized  eggs,  and  to  have 
these  eggs  laid  by  wingless  pup:eor  hatched  within  the  bodies  of  wing 
less  larva'.  The  develcjpment  of  the  winged  lly,  the  whole  business  of 
mating,  ;m<!  ^  ven  the  development  of  the  embryo  witliin  the  egg,  have 
thus,  in  particular  insects,  been  abbreviated  to  the  point  of  suppres- 
sion. This  is  what  I  mean  by  saying  that  tlie  pursuit  of  a  new  supjily 
of  food  has  in  the  case  ol'  eei  tain  aquatic  instH'ts  proved  even  too  suc- 
cessful. Abundant  ibod,  n<'e<ling  no  exertion  to  discover  or  api)ropriate 
it,  has  led  in  a  few  instances  to  the  almost  eoiiiplcte  atrophy  of  those 
higher  organs  and  functions  whicli  aloue  make  life  interesting. 
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WITH  8PKC1AL  KEFBRENCE  TO  THE  MAMMALIA.' 

.  <\  

By  cyUABT  Mbbblam,  M.  D. 


Nine  years  ago  the  Biologieal  S<K!iety  listened  to  an  iwldresH  from  its 
distiugai»lie«l  retiring  president^  Piof.  GUI)  on  '^Tlie  Principles  of 
Zoii  geogi'ai)liy,^  or  tlie  scienee  of  the  geographical  distiibution  of  ani- 
iual6.t  Prof.  Gill  assembled  the  oceans  of  the  ^lobe  as  Avell  as  the  land 
area.s  into  primary  divisions  or  '^zoological  realms,"  of  which  he  recog- 
nized nine  for  the  land  and  five  for  the  8ea.  It  is  not  my  purjioso  to 
discuss  the  zoological  rcpfions  f)f  the  whole  world,  but  to  lay  before  you 
some  of  the  facts  conrfriicd  in  the  distribntion  of  terrestrial  animals 
;nnl  plants  in  Xorth  America  with  spcL-ial  reference  to  tlic  number  and 
boundaries  of  tlic  snbregions  and  minor  life  areas,  and  to  touch  upon 
the  eansi^s  tbat  hjivi-  operate^l  in  their  ])roduction. 

2s'o  phenomenon  in  the  whole  realm  (►f  Tiatnre  f(»reed  itself  earlier 
upon  the  notice  of  man  than  certain  facts  of  j^cograiihic  distribution. 
The  daily  search  for  food,  the  lir^t  and  luiiicipal  occupation  of  savage 
man.  directed  his  attention  U^  the  unequal  (listribution  of  animals  and 
plants.  He  not  only  noticed  that  c<  rtain  kinds  were  found  in  rivers, 
ponds,  or  the  siAa,  and  others  on  land,  and  that  some  terrestrial  kinds 
were  never  seen  except  in  forests,  while  others  were  as  exclusively 
restricted  to  open  prairies,  but  hv»  observed  further,  when  his  excur- 
stons  were  extended  to  more  distant  I(»ciilities  or  from  the  valleys  and 
plains  to  tlie  Bummits  of  neighboring  mountains,  that  nnibmiliar  fraits 
and  insects  and  birds  and  mammals  vreie  met  with,  while  tliose  he 
formerly  knew  disappeared. 

'Annual  Presidential  Address,  dt  li  vcn-il  at  the  twelfth  aunivernary  meeting  of  the 
Biulogical  Society  of  Washiii^tou,  February  ti,  1892.  (From  thu  Vroc.  liiolo^.  Soc.^ 
Washiugtou,  vol.  vii,  jip.  l-ti4.) 

t  Proc  iffodM.       Washiugtoo,  1884,  vol.  u,  pp. 1-99. 
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Thas  priDieval  man,  and  in  truth  the  aueestora  uf  primeval  man, 
learned  by  observation  the  ^at  fiust  of  geo^riiphic  distribntion,  the 
fact  that  particular  kinds  of  auimals  and  plants  are  not  uniformly  dif- 
fiised  over  the  earth,  but  are  restricted  to  more  or  less  circumscribed 
afeas. 

It  will  be  observed  that  two  classes  of  cases  arc  here  referred  to, 
namely,  (1)  cases  in  which  iu  the  same  general  region  certain  species 
are  restricted  to  swamps  or  lowlands,  while  others  are  confined  to  dense 
forests  or  rocky  hillsides — differences  of  «^i<Mi,  and  (2)  cases  in  which, 
regardless  of  local  peculiarities,  a  general  change  takes  plaice  in  the 
ikuna  and  flora  iu  passing  from  one  region  to  another,  or  from  low  val- 
leys or  plaiiiH  to  high  mountains — ^eographie  dilferences.  The  latter 
class  only  is  here  considered. 

Bveiy  intelligent  school  boy  knows  that  elephants,  lions,  girafl'es,  and 
chimpanzees  inhabit  Africa;  that  orangs  and  Hying  lemurs  live  in 
Borneo;  kangaroos  in  Australia;  the  apteryx  in  New  Zealand;  the 
Boyal  Bengal  tiger  in  India;  Ilanuis,  chinchillas,  and  sloths  in  South 
America;  the  yak  in  the  high  table  hinds  of  Thibet,  and  soon.  In 
accordance  with  thes»"  fncts  iiatnrn lists  hmg  ago  Ix'uan  to  divide  the 
surface  of* the  globe  into  zor»I<»nicji]  jj,n,i  bot;mical  regions  ii  respeetive 
of  the  long-recogni/ed  geogru]tlii<'  and  jxilitieal  divisions.*'  It  was 
found  that  (liferent  degrees  of  ielari(>ushii»  exist  between  tlie  indige- 
nous animals  and  idaiits  of  djlleieut  countries,  and  that  as  a  rule  the 
more  remote  and  isolated  the  ir^ioTi  and  tlie  earlier  in  .geologic  time  its 
separation  took  i)la<  e,  the  more  distinct  were  its  inhabitants  from  tliose 
ot  other  regions,  Kacli  <d"  the  larger  ishmds  lying  near  the  equator 
and  the  contiriental  masses  of  the  soutliern  hemisphere  were  found  to 
])os8e88  not  only  peculiar  species  and  genera,  but  even  families  and 
orders  not  found  elsewhere  j  and  it  was  dis<'overed  that  insular  area^ 
of  considerable  raagnitud«»  that  have  had  no  land  connection  with  other 
areas  since  very  early  times  possess  launas  and  lloras  remarkable  for 
the  antiquity  of  their  dominant  tyiMJS.  In  Australia,  the  most  discon- 
nected of  all  the  continents,  the  entire  mammalian  founa,  though  won* 
derfolly  diverslfted  in  appearance  and  habits,  belongs  to  the  primitive 
orders  of  monotremes  and  marsui)ials,  whose  best  known  representa- 
tives are  the  dnck*billed  platypus  and  the  kangaroo.  In  the  latter 
group  Australia  and  neighboring  islands  contain  no  less  than  six  fiuni- 
lies  not  found  in  any  other  part  of  the  world. 

Madagascar  is  the  exclusive  home  of  the  remarkable  aye-aye  {Oki- 
romffs)  and  Crypioproetaf  the  latter  believed  to  be  intermediate  between 
the  cats  and  civets. 

*  Among  the  many  «listini,Musljed  iiattir.ilists  w  ho  li.n  »■  roTitriltutrd  to  the  litera- 
ture of  tho  subject  may  b»;  inentiunfil  Jlumlioidt,  Jiouiiiiunl,  BuH'ou,  i )i>  C'sndolle^ 

Sehoaw,  Eugler,  Agassi z,  Baird,  MrnQn^y,  Oriaeh^ehf  Huxley;  Gill,  Alka,  WsUsMjp 
sndPMksrd, 
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Tropical  America  is  alone  iii  the  possessiou  of  true  ant-eiiters  {Myr- 
mecnphmiidn  ),  sloths  '  HrfKli/podifia'),  nvdrmooiQtii  {Map(Uidw)f  armadiUoti 
{Jhh'ii/p<)(li<l(e)y  Hud  luoutics  {J)aftyproctid(F). 

^Mrica  18  the  hoiac  ot  Jiiaiiy  crniups  not  known  elsewhere.  Among 
them  ftre  tlie  giratte,  hiiipopotamus,  Ortivteropm^  elephant  nbrews 
{MacroHcelhJUJfe)^  Pniomoijalcy  and  Vhrysoehloridw. 

iibfsides  this  class  of  ciises,  iii  which  particular  groups  are  restricted  to 
particular  countries,  there  is  another  class,  in  which  the  living  represen 
tativesof  single  groups  exist  in  isolated  colonies  in  w  idely  separated  parts 
of  the  world,  lllastrations  of  this  kind  arc  furnished  by  the  tapirs,  which 
inhabit  tropical  America  and  the  Malay  Peninsula,  but  do  not  exist  in 
intermediate  lands;  by  the  fSftmily  CamelidWj  represented  in  South 
Amerieaby  the  llamas  and  in  parts  of  Eurasia  by  the  true  camels; 
and  by  a  group  of  insectivoions  mammals  in  which  all  the  genera  but 
one  are  restrieted  to  Madagascar^  the  one  exception  {Solenodon)  living 
in  Cuba  and  Haitt  Examples  of  this  sort  are  known  as  cases  of  dis- 
eontinuout  distribation,  and  indicate  that  the  ancestors  of  the  animals 
in  question  formerly  inhabited  avast  extent  of  country;  that  some 
sort  of  land  connection,  however  indirect,  existed  between  the  colonies 
now  so  widely  sejmrated,  and  that  the  sumving  desoendauts  of  these 
groups  are  probably  approaching  extinction. 

The  examples  tliiis  far  cited  relate  to  the  disconnected  land  areas  in 
the  neighborhood  of  the  equator  or  iu  the  southern  hemisphere,  and 
their  explanation  is  to  be  sought  in  the  history  of  the  past.  In  the 
northern  hemisphere  animals  and  plants  in  general  have  a  much  more 
extended  distribution  than  in  the  southern,  the  minority  of  the  larger 
groups  being  common  to  North  America,  l*jurope,  and  Asia,  and  the 
limits  of  their  distribution  are  encountered  in  traveling  in  a  north  and 
south  direction  and  are  evidently  the  result  of  causes  now  in  opera- 
tion. It  is  to  this  class  of  cases  as  presented  on  the  North  American 
continent  that  your  attention  is  invite<l  this  evening. 

In  passing  from  the  tropics  to  the  Arctic  pole  on  the  eastern  side  of 
America  a  number  of  distinct  zones  are  crossed,  the  most  conspicuous 
features  of  which  arc  well  known.  In  the  plant  world  the  palms,  man- 
groves, mahogany,  mastic.  .1  i  maica  <1ol;  wood,  and  cassijis  of  the  tropical 
coast  <listrict«  are  succc" d*  1  by  tlie  magnolias,  papaws,  sweet  gums, 
blackberries,  and  persimmons  of  the  Southern  States.  These  ;;i  ve  place 
gradually  to  the  oaks,  chestnuts,  and  hickories  of  the  Middle  States, 
jaud  the  latter  to  the  ^^roves  of  aspen,  »uai>le,  and  beech  which  reach 
the  sotithern  edge  of  the  great  coniferous  forest  of  the  north, — a  forest 
of  si)rai  cs  and  firs  that  stretches  coTn])letely  across  the  continent  from 
Labrabor  to  Alaska.  Beyond  this  fon  >i  i.s  a  treeless  expanse  whose 
distant  shores  are  bathed  in  the  icy  waters  of  the  Arctic  Ocean. 

Concurrently  with  these  changes  in  ve^^etation  from  tlu*  soulU  north- 
f?ard  0CC4V  ei^ually  marked  diiicrcuce^  iix  the  mammals^  birds^  ro^tUes^ 
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and  inserts.  Amonj?  manuimls  the  Uipirs,  uioukeyB,  aiiiuMiillos,  nasuas, 
peccaries,  iiiicl  opossums  of  (Jeiitral  America  and  Mexic/O  are  replaced 
to  the  iiurthwanl  by  wcKxl-rats,  uiarmots,  cliiiumtuks,  foxes,  rabbits, 
short -t«ile4l  fi<'l(l  iiiice  of  several  jjetiera,  slirews,  wild-eats,  lynxes,  short- 
t*iile<l  por(  ii]>ine.s,  elk,  inoobe?,  reindeer,  sables,  lishers,  wolveriues,  leiu- 
uiings,  mnsk  oxen,  and  jwlar  bears. 

The  tro^ons,  saw  bills,  jiarrots,  eutin^ois,  and  other  birds  of  tropical 
America  give  place  in  turn  to  the  cardinals,  blue  grosbeaks,  mocking 
birds,  tufted  tits,  and  gnat-catchers  of  the  Stuithern  Statt^s;  the  ehewink, 
indigo  bird,  tauager,  bluebird,  aud  robin  of  the  Middle  and  Northern 
states;  the  Canada  jays,  orosRbillSi  white-throated  si»am>W8,  and  hawk 
owls  of  the  northern  coniferous  forests,  aud  the  ptarmigans,  snowy  owls, 
and  suowflalces  of  the  Arctic  circles. 

HISTORIOAL  SYNOPSIS  OK  FAUNAL  AND  FLOEAL  DIYISONS  PROPOSED 

FOR  NORTH  AMERICA. 

The  rero^^iiii  Mill  of  the  nbovi'-nn  iit  lontxl  facts  early  led  to  atteinv>t.s 
to  <iivide  iliv  surtaee  t»f  the  hind  iuU>  fauna  1  and  Horal  i  r^ions  or  znues. 
and  no  less  than  tifty-six  aiitlnirs  have  proposed  such  divisions  for 
Nortii  America.  Of  these,  tliirty  one  were  zordogists  and  twenty-flve 
botanists.  Of  the  zoidogists  ten  ainu  d  to  show  tlie  ilistribution  of 
animals  in  general,  eight  of  birds,  four  of  terrestrial  niollusks,  tliree  of 
maninials,  one  of  reptiles  and  batraehians,  and  four  of  insects.  Of  the 
botanists,  twenty-two  aimed  to  show  the  distribution  of  plants  in 
general  aud  thi  ee  of  forest  tree«. 

Of  the  writers  who  attempted  to  indicate  the  life  areas  of  the  New 
World  prior  to  1860,  08  per  cent  were  botanists,  while  during  the  next 
twenty  years  ( 1850-1870),  Go  ^)6r  cent  were  zoologists.  This  sinking 
oscillation  of  the  biological  pendulum,  tirst  toward  botany  and  then 
toward  soulogy,  nmy  be  attributed  in  part  at  least  to  the  inilaenee  of 
two  great  minds — ^Humboldt  and  Agassiz.  Humboldt  laid  the  corner- 
stone of  the  philosophic  study  of  plant  geography  in  1805.  Stimulated 
by  his  example  aud  writings,  botanists  led  the  way  and  were  almost 
the  only  occupants  of  the  field  until  the  middle  of  the  present  century, 
when  Uie  influence  of  the  elder  Agassiz  gained  the  ascendaney  and 
the  botanists  were  replaced  by  zoologists,  who  have  been  in  the  lead 
ever  since. 

The  accompanying  table  shows  the  various  authors  referred  to,  the 
dates  of  the  earliest  publication  of  their  divisions,  the  branch  of  biology 
on  which  then:  conclusions  were  based,  aud  states  whether  or  not  their 
articles  were  accompanied  by  maps. 
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The  priiifiiial  hio-f^eographic  divisioim  that  hav<*  been  refogiiized  by 
a  largp  immbrr  of  writers,  and  as  a  mlc  have  been  proposed  indeiM mi d 
eiitlv  ;Hid  midf  r  different  names,  l  esultin^' from  the  study  ofiliffort^iit 
<j:iouj»-.     (  dcsciibed  ill  tli«'  tollowing  synopses,  each  ot  whieh  may  be 
regarded  as  a  clironologic  syuoDymy  of  the  region  to  which  it  rei'erti. 

ARCTIC  DIVIOIOK  (ABOVE  LIMIT  OV  TBBBB). 

An  An  tic  eireiuii  jtohir  division  noi  tli  of  the  limit  of  tree  growth  was 
recognized  as  a  distinct  rej^ion  by  European  writers  long  before  the 
earliest  attempts  were  niadr  to  map  the  taunal  and  Uoral  areas  of  2surth 
America.*    Hence  the  following  table  is  necessarily  incomplete,  since 

•  This  rejfion,  however,  is  not  universally  recognized.  WullAce  and  a  few  othera 
r»'f»!*-r  to  accept  it.  Aga.Hsiz,  .\lU-n,  and  u\o^t  Itut.iniciil  writiTs,  f»n  the  other  hand, 
regaril  it  as  one  of  the  bc»t  detined  of  thu  primary  Uivisionw.  An  iinportatit  recent 
treatiae  on  tlio  aubject,  from  the  staudpuiut  of  the  diHtribution  of  utommals,  i«  Hie 
Ibllowing:  "  Di»  airktt$eit6  SmbngloH^Ein  BMtrag  attr  geo^rnphiaehen  Ferkrettung  dtr 
ThUre,  '  by  Dr.  Aiij^nst  Biauer  {ZooU^fi§dt9  Jakrhudur,  Abth,  fur,  Sgtt,,  ill,  Jan., 
189-308,  taf.  viiiK 
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it  shows  only  the  extent  to  whieh  this  zone  has  been  recognized  by 
tboee  who  have  actually  defined  fannal  and  floral  areas  in  North 
America: 
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This  beading  is  intended  to  cover  tbe  zone  of  coniferous  forests 
e-xtendiug  across  the  continent  south  of  the  Arctic  realm.  Whilo  its 
northern  boundai  x  i>?  ttxed  at  the  limit  of  trees,  its  southern  border 
has  been  variou.sly  placed  by  different  writers.  Sclioiiw  did  not  recog- 
nize it  at  all,  but  carried  his  great  forest  region  dctwii  to  latitude  36^, 
where  the  true  southern  distri<-t  begins.  Bcighinis.  who  in  other 
rospocts  followed  Scliouw.  divitled  this  great  region  into  two  jKirts,  the 
northern UHJst  of  wliich  he  named  the  ^'Kealm  of  conifers,*'  placing  its 
southern  limit  in  the  eant  at  about  latitude  47^.  Hiiuls,  Agassiz, 
Woodward,  Verrill,  and  Drude  speak  of  it  as  the  'K.'aiuidian*"  region. 
Its  southern  limit  is  here  extended  to  include  the  '*  Canadian  fauua^ 
of  recent  zoological  writers. 

The  extent  i<>  wliittii  this  zone  has  been  recognized  will  a|»pear  from 
the  following  table: 
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ATLANTIC,  CKVTRAI.,  AXI)  PACIKIC  DIVISIONS  OP  TKMPFRATK  NORTH  AMERICA. 

It  has  hvAiii  the  fiistoMi  of  jcccfit  writers  ro  divide  the  bioad  middle 
zone  of  Nortli  Amerioa  (most  of  which  lies  within  the  United  States) 
iiito  three  maifi  divisions — Athuitie  or  I^asteru,  .stretching  from  the 
Atlantic  Ocean  to  tlie  eastertj  border  of  the  plains;  Central,  from  the 
plainn  to  the  hiierra  JS'(»vadaj  ami  i*acitic.  from  the  Bierra  to  tlie  Pacitic 
Ocean.*  These  regions  were  ^iroposed  as  early  ab  1S.54  by  the  elder 
A^a^siz,  who  however  divuled  tiie  Eastern  or  Atlantic  district  into  two 
regions  of  eqnal  rank — Alleghanian  and  Lonisianian,  or  faunas  of  the 
Middle  and  the  Soutbern  States.  In  tfais  respect  be  lias  been  followed 
by  Cope.  Other  autbors,  inclading  Le  Gonte,  Baird,  and  Allen ^  regard 
the  soutberu  district  as  only  a  sabdivision  of  tbe  Eaetem  region. 
Agaasix  named  tbe  Central  region  tbe  Table-land  or  Rocky  Moontain 
fanna"  and  tbe  Pacific  tbe   Califomian  fiiuna." 

Tbis  arrangement  of  tbe  United  States  Into  tbree  provinces  has  been 
followed  in  tbe  main  by  Le  Oonte  (1859),  W.  G.  Binney  (1803),  Baud 
(1866),  Cope  (1873),  Grisebacb  (187o),  Wallace  (1876),  Allen  (1878), 
Packard  (1883),  Jordan  (1883),  Hartlanb  &  Newton  (1886),  and  Heil- 
prin  (1887). 

Tbe  tbree  divisions  will  be  considered  separately. 

AttanHe  or  eastern  forest  region^ — ^Maiiy  writers  bave  recognized  an 
eastern  forest  region  stretcbiiig  firom  the  plains  to  the  Atlantic  and  in 
a  general  way  from  tbe  boreal  or  coniferoas  forests  of  tbe  north  to  the 

•These  divisions  niu»t  not  be  coulouud«"d  with  th«»Mi!  of  Auioh  lUuiuy  (publiKiied 
ill  1^1)  bearing  the  aamo  nunee,  for  Binney*8  Atlantic  re<;ion  lay  between  the 
Atlantic  and  the  Alleghaniea,  his  Central  ragiou  between  the  AUeglianies  and  the 
Rwslcy  Mouutaius,  and  tlic  rarifK;  rogion  bftwcwn  the  Rocky  Mountains  and  the 
FaciAc.  Woodwaxd'a  Uiviaions  (1856)  are  ewentiallj  theee  ol  Amos  3iuuey . 
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alluvial  lands  of  the  iSoutli  Atlautic  aud  Gulf  Statosj  but  its  northern 
and  southern  limits  have  been  by  no  means  agreed  upon.  Sehouw 
defined  these  boundaries  ns  the  limit  of  trees  on  the  north  and  latitude 
SG*^  ou  the  south,  and  named  the  re;iion  Michanx's  realm  or  realm  of 
asters  and  s(>lida;i()s.  Bcr^hans  n'taim'd  Sclionw's  southern  bound- 
ary, but  took  olV  a  broad  belt  on  tiu^  north,  which  lie  nanie<l  the  icalin 
of  coniferous  forests.  The  resultinjr  northern  limit,  as  shown  on  his 
map  (1838),  a^i  rcs  closely  with  tliat  adopted  by  sueh  reeent  \^Tit<jrs  as 
Wallaeo  (187(i),  Allen  (1878),  rai  lcard  (1883),  and  TTeiiprin  (1887),  all 
of  wlunn,  on  the  other  hand,  carry  its  southern  Umndary  south  to  the 
Gulf  of  ]\I«'\ico.  thus  makifi*;  it  eoextensivc  with  the  Atlantic  or  East- 
ern province  alit-ady  referred  to. 

Several  early  writers,  umonj;  whom  Sehouw  and  Her}j:haus  were 
prominent,  recognized  this  l  e^^iou  in  the  east,  but  knew  nothing  of  the 
great  interior  plans,  and  eonsequeutly  spoke  of  it  as  extending  all  tlic 
way  to  the  lioeky  Mountains. 

The  extent  to  which  this  Eastern  forest  rogion  has  been  re<*o;,niized, 
together  with  the  approximate)  north  aud  south  boundaries  assigned  it, 
■will  api>©»r  from  the  following  table: 

NoTF.. — lu  the  columns  showiug  limit  on  thr  north  and  H«mlU  tlu*  IoIIovn  ing  a)ihr«>- 
viiittons  are  used:  L.  T.^northern  Hiuit  of  trees;  C.  F.suortburn  cuuit'cruus  furtMsts; 
A.ssAiii»tro-rlpariau  or  Louisiana  region;  O.^Gulf  of  Mexico. 


Sue. 

1822 
1830 
1838 
1843 
VM 
1854 
1856 
18W 
19S» 
1S63 

tm 
\m 

18M 

1870 
1871 
1873 
1874 
187« 
1882 
1883 
IMS 
1R81 
1K84 

im 

I8«'t 


AuUiur. 


Nuns  0r«n  \9teg,inm. 


Linnt  on  tlir- 


NortJi.  I  South.  I 


IiMed  on- 


Rank. 


f 


Svhoiiw  

Pi«^kt>ring  

ilorgbaus  

Hind*  

Frankenhcim . . 

AgilH.siS.  ....... 

Groy  

LeCsDte  

Cooper.  

Verrill  

liiuiiey  (W.ti.) 

nuinl  

GrlaebMli  

Brown  

Alli'ii  

(Jopc  

Porter  

Wnllac©  

K'iL,'lcr  

I'lM  kuril  

Jordmk. ........ 

Sariront....  

Driulo  

UariluuU  

Hellprln  

Itri-ii<1el...  

Uidgway  


I 


AittiTM  anil  soluln^oH  .. 
Flora  of  rt»!t«>.|  Statoe. 
AitterB  and  HuliUugos  . . 

IraqooUm  

Kew  KnglaiM  

Alli^^'bnnian  

]Sortliuro  Stntos ....... 

Bwteni.. — .......... 

AppalMhlui...  

.Mlc'L^li  iiiiaii   

Interior  

KHaU>rn  

Forent  

Appnliieliiiui  

EaHlcrn  

. . .   

Toreat  

Al!<'gljauian  

A|tpiiLi<'hiau  iirovinccr . 

EusUirn  

A  UbdUc  region ........ 

DiM'idiions  forests. . . . . . 

Virginian   

AUegLuuian  

....do  

Mixed  fsoroit  

Eitttem  provlufc   


L.T. 

A. 

Plaatii  

1 

r.v. 

n. 

* •  •  'do  ««« 

2 

C.  F. 

A. 

1 

CF. 

0. 

1 

C.F. 

A. 

S 

A. 

3 

(!)  A. 

(h  I  G. 

1 

1 

CP. 

!• 

1 

('.  F. 

IMnU  

'  1 

C.F. 

A. 

9 

1  CF. 

G. 

Birds  

1 

L.T.  }  a 

C.  F.  G. 

1 

1 

V.  F. 

G. 

Aniniiilt  

2 

,    (f>  A. 
1  17.  F.  «  «. 

...do  

2 

Ftaato  

1 

'  <'.F. 

G. 

C.F. 

G. 

rianU  

3 

C.F.  ,  G. 
CF.  •  G. 

.Vuixuul«  

1 

a 

('.  F. 

A. 

a 

C.  F. 

inants   

s 

<;.  V. 

G. 

Birds  

2 

CF. 

G. 

S 

cr. 

G. 

IManla ........ 

,    (0  i  G- 

Birds......... 

1 
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Cenfidl  or  iniildlc  division. —  This  isioii  extends  from  the  eastern 
boitler  uf  the  j^reut  plains  to  the  Sierra  NevjMla  aii<l  Cascajh'  Mouu- 
tains.  It  was  jiroposed  1)\  A<^assiz  in  18.">4,  under  the  name  "Table- 
land tauiia  or  fauna  of  tlie  Kocky  Mountains.'' 

The  extent  to  wkicli  it  Uan  been  reuogni/AMl  will  appear  from  the  fol- 
io wiuir  table: 


Date. 

Antlior. 



-  -  ... 

uw 

La  Cotito  

isn't 

Binncv  (W.G.) ... 

ima 

um 

Hope  

187G 

1878 

IBSl 

\«m 

1894 

Driulc  

1880 

HaitUnb  

1887 

Brfnilcl  

Name  given  to  ra^gion. 


JiiiMd  on—  lUuk. 


TaUe-laiid  fanna   Aninals. 

Oentraldiattfet   TiMoota 

rfTitml  provinr»i>   Mollnaka  . 

Middle  pnivincit   ninln  

Pnlrle  region   Plant m  

Ceatiiilragl<ni..... —   Reptllaa  and 

liatrncliinnN. 

lificky  Moiintam  sub-region   Animala  

Middle  {trovlnce  do  

Cantial  prorbtoa  '  Planta  

......da  ,  !  AntmalA  

Crnlral  regirm  !  MnllntV-" 

Moutuna  diHtrict   i^lunU  


Bodcy  Ifouataln  regloo  

Uocky  Moiintatn  aab>niglMi  

Praiiif  tluni   ...   

IU>i-kv  .Mountain  or  middle  district. 


BMa.... 
Animala. 

Planto . . . 
Bird*.... 


8 
1 
1 
1 
1 
8 

8 

2 
1 

1 
3 
8 
8 
2 
1 
8 


Vitcijiv  or  (Jalifoniia  </<'r<,s This  7ianie  lias  been  very  generally 
applii'd  to  the  PjumIk'  eoast  region  of  iIjo  United  States.  It  was  first 
reeogni/.ed  by  the  botanist  DeCandoIle  in  ISliO.  Pick<'iiug,  in  l<*^.'i(», 
named  it  the  Californiaii  tlora,  but  knowing  little  or  nothing  of  the 
Sierra  ^te\  adu.  and  Ixdieving  the  Rocky  Mountains  t4»  be  the  only  moun- 
tain system  of  inipurtanee  in  North  Anu  iiea,  exteuchul  its  eastiTii 
bt)Undary  t^)  that  range.  In  this  way  he  was  followed  by  the  botanist 
Hinds,  in  IS^l.'J:  by  the  eonehologists,  Amo.s  Binne^',  in  1851,  and  Wooil- 
ward,  ill  1850.  Agussiz,  in  1854,  waa  first  to  fix  its  eastern  limit  at  the 
Bierra  Nevada  and  Cascade  inountains,  where  it  has  been  permitted  to 
rest.  Its  north  and  south  honndaries  have  undergone  considerable 
fluctnations. 
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The  extent  to  whieli  the  Pjieitic  or  (Jaliforuiau  regioulias  beeu  recog- 
nized will  appear  trom  the  t'oUowiug  table:* 


Autbor. 


DoCmhIoIIo 
Plekeiiiig  

Hinil8  

Frankenhfim. 
iiiuucy  (A.) 

AK*Mits  

WiiodwunI  . 
Le  Ooute  


CM>|>or  

Bliis«7<lir.O.) . 

Balnl  

<iritit*lNii']i  . 
Copo  


I'orter . 

AUuu. 

Joriluii 

I»riu?c   

Iliirtliuib 

HeUiirtii., 

Bmiulel... 


Niuiie  givea  to  region. 


W««t  «o««t  or  tonperato  Nortb  Ani«ricft. 
CaUfvnilaii  flora.......  

Culiforuiaii  rnglott.....  

California  . .............................. 

F»elAe  i^gjinn  

CaUfturalaii  tntam  

Califoniiaii  |irovinoo.. .......***  

Wiwteni  «li»tru  t  

Nuvadisui  pruviucvi  

Paoiflc  pviovinoB  

Wi'HtiTii  prnviiire  

Califoniijni  r»»(;i<>ii  

Pacific  rvgiuu  


Cnlif<<ri)inTi  ••tjb  rpj»iou. 
AVi'SKTu  province 
do 

Pai  itic  rfgioii . 

CalifomiamlLstrii  f  

CiiUfwi-uiau  ri'f^ioii  

Callforniau  aab^ragloii. 

ralifurniati  Honi  

Pa«ifle  dlAtriet  


Plaato  

...do  

....do  

....do  

IColliioka  

Animals  

&(olliiHka  

lut$«c>t«  

Forest*... — 

UoUtukA  

liinls  

riantu  

BeptileH  aud 
botraefatiBa. 

Plants  

Aiiiinalf*  

do  

.do  

^iollunka  

PlantM  

Bird*  

Animals  

Plants  

Birdi*  


I 


1 
t 
1 
t 
1 

a 
1 

1 
1 
1 

1 
I 


1 

I 

a 

2 

1 
1 
2 


*Etiirl#r's  "Califimiia  Coast  Prorfnoe"  is  not  indndod  in  tbia  tablo,  booanao  it  eonsltta  only  of  the 

iirtTTovv  st  rip  of  land  lM'twi»eii  thu  ("oast  IJ.iiil;''  mihI  tlnr  I*a«'lli<'. 
t  Nuiued  from  Uie  Sierra  >{ovad»— not  thu  HiuUi  of  Isevada. 


AU8TRO-RIPA1UAK  OR  LOVISIANIAN  DIVISION. 

(Sonlli  Atlantic  aud  Oulf  States, ) 

Latreille,  as  onrly  as  1817,  called  attention  to  the  diiference  in  tlie 
insert  fauna  in  (yarolina  and  Georj^ia  fVoin  that  of  Pennsylvauia  and 
Kew  York,  and  in  his  lUvision  of  the  eartli  into  eireum -polar  zones  ran 
the  boundary  line  bet\vee!i  these  fauna  at  latitude  The  dilferenee 

in  the  tlora  of  the  South  Atlantic  and  (lulf  State's  from  tiuit  of  the 
Northern  Sl;)tes  was  rt'c();;uiztd  l)y  th<'  I>anish  botanist  xSehouw  as 
early  as  I.SL'L*  in  tlu*  Kralin  of  .Magnolias  or  l*ursh's  Kealm,"  which  he 
then  proposed  ftu'tlie  re^jion  brtwceii  the  |)arallels  of  .'iO^  and  liii'^  north 
latitudi*.  Thirty-four  years  hiter  (in  18i>(i)  the  northern  boundary  of 
the  same  area  was  ruu  hy  Anieriea's  j?reatest  botanist,  Dr.  Asa  (Iray, 
alon^  tlie  parallel  of  3G  only  half  a  dej^re*^  from  8ehou\v's  line. 
The  lirst  zrWilo^jist  Ut  rerojxTiizt'  this  region  was  the  elder  Binney,  wlu> 
died  in  1847.  Ilis  post  Im  iiuxis  work  on  "  terrestrial  Air  Breathing 
Mollusks,"  published  in  is.il,  describes  it  under  the  name  '* Tertiary 
Rej^ion  the  Atlantic  ('oast  and  the  (iuU  t>f  Mexico.*'  The  elder 
Agiissiz  reci)guized  it  iu  liS54  ki^  one  of  his  seven  primary  regions,  nam- 
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ing  it  the  Loiiisianian  fauna.  Later  writers,  except  Gope,  have  consid- 
ered it  a  bub  division  uf  the  EastiM  ii  lorest  rejriou.  Cope  restored  it  to 
primary  rank  in  1873  and  iiaiind  it  tlie  A  astro-riparian  region. 

Tlie  extent  t^)  which  this  region  has  been  recognized  will  appear  from 
tlie  t'oliowiug  table: 


1817 

1822 
1836 
1837 
18» 

lest 

1853 

use 


1871 

iim 

1874 

1883 
1884 
1890 


Aatluir. 


LntraUlQ  

Scbouw..  

Mt'J'«D  

Martltis  

Bvrgliaos  

Biuney  (A.)  

Schiu.inhi  

Agassis  

Gray  ,  

L«OoDto  

Ci)oiH>r  

Binn«y  (W.  G  )  . 

BaM  

YerrUI  

A  Don  

Ckipe  


Niune  given  tu  i^giuu. 


Itascd  on— 


Super- tropkal  clifuiito  

Ili-aliii  uf  iniiKitullM....  

Siih-troplcal  zone  , 

MinsiiMippi-Floridiau  realm.  

Bealmof  magnoliH  

Tvtkarj  ragton  of  Atlsnlie  attA  Oalf  ooMto... . , 

Mltldle  Aniericau  realm...........  

I  Loniniawian  fanoa  

I  SoatlMra  State!  

I  Southern  provlnoe........  

r.irnliiuaa  nud  Missiaaipplail   r>n<  HtM.. 

Soiithoru  region   AloUiuks 

Sontbero  aulMliTiaion  >   Birda  — 

laonlalaoiaa  fliuna  —  do  — 

 do  ,   do  


Inaeota... 
riaata... 

...do....< 
...do.... 
...do.... 
Mdlliiaka 
Aiiimiila .. 
...do  .... 
Ftaato... 
Inaocto... 


Jonlao... 

Sargent . . 
Merriiuu. 


Atwtro-ripariaii  region. 


Sontlieni  dtatrlct  

 do  

fiKist  pino  ri'Sfion   ,  

Auatro  ripHriun  ri'giou   AniniulH  und 


Koptilos  and 
liatrachiuns. 
Planta  , 

Mullusks  

F*in"«t «  


liank. 


1 


2 
2 
S 
S 

3 
2 

S 
4 

2 
2 


platita. 


SONOllAN  DIVISION. 

The  term  "  Sonoran  region"  has  been  applied  by  Cope  and  others  to 
an  important  lite  area  which  enters  the  southwestern  part  of  the  United 
States  from  the  table-land  of  Mexico.  It  was  first  re<'0gnized  by  a 
botanist,  Richard  Brinsley  Hinds,  H.  X.,  surgeon  to  H.  M.  S.  ISulphur, 
wbo  published  a  description  of  it  in  1843  under  the  name  "The  Chi- 
huahua Region."  lie  defined  it  as  extending  south  to  the  tropic,  west 
to  the  (lulf  uf  (California  and  the  Colorado  River,  north  to  the  prairie 
region  of  the  T^'nited  States,  and  se]);ir;itcd  on  the  east  from  the  Gulf 
of  Mexico  by  a  northward  extension  of  the  Central  American  region 
alonir  tlie  lowhuuls  Ixirdering  tlir  roast.  l*rof.  Baird  (in  1860)  stated 
tli  it  along  the  valleys  of  the  Kio  (iiande  and  (lila  the  fauna  of  the 
Central  province  "is  greatly  mixed  ii])  with  the  peculiar  fauna  of  north- 
em  Mexico,  which,  as  far  as  its  suiniucr  birds  indicate,  is  almost  entitled 
to  be  coubiderod  as  a  fourth  main  province." 
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The  extent  to  which  this  regiou  has  been  recognized  will  appear  from 
the  following  table : 


Date. 


Author. 


1843  Hlndfl... 

1850  Lc  Gonte 

1850  Co4»per  . . 

1861   do  

1806  I  B^.... 

1870  Brown... 

1873  Cope  

1874  Porter... 

1878  Dyer  . . . . 
1882  Knglpr... 
1884  I  Hargeiit.. 
1884  I  Drade... 


1887 
1890 


Menriwm. 


KMue  given  to  region. 


diibnutnum  

KontliMTeAtem  nnd  wmth-eotitliwceteni  pmriBoee. 

Ari?'iT)i:in  rciri'nt  

Arizouiiiti  hihI  4  liihiinhuuu  rt-giona  

No  name  fUmn  

New  Mexican  region  

Sonorui   


JiiuMti  on  — 


Hank. 


Caetns  regloii  

Mexico- ( Till  ifoniieii  floia  

AEt<H"  provinf^e   ,  ,  

Mexivau  foront  n>giciu   

If ortli  Mexleo  iiikI  Tesu  dietrlct . 

Sononui  tnneltioii  regfon  

Sonomn  pnrrlDee  


Plaota  

luaeetH  

Forests  

. .  do  

BiTda  

Fore«t«  

ReptileM  ani! 
ItatrachLauB. 

Ftaata  

....do  

.  .  «v  

Fores  t«  

Pirate  

AnimalK.  

AiiimalH  and 
planU. 


PENINSULA  OF  LOWER  CALIFORNIA. 

That  the  foana  and  flora  of  the  peDiosula  of  Lower  California,  or  any 
part  of  it,  differs  radically  from  tiiat  of  the  State  of  Galiforaia  imme* 
diately  on  the  north  was  pointed  ont  almost  simnltaneotiBly  by  Baiid 
and  Le  Oonte  in  1859.  Baird  stated  that  the  fauna  of  its  southern 
extremity,  as  determined  by  collections  of  it^s  mammals,  birds,  and 
reptiles,  "  is  almost  identical  with  that  of  the  Gila  River,  and  to  a  cer- 
tain extent  with  that  of  the  Rio  Grande/'  but  differs  wholly  from  that 
of  Upper  California.  In  accordance  with  these  facts  be  afterwai-ds  (in 
18GG)  made  Lower  California  a  sub-division  of  the  central  proTiooe. 
Later  in  the  same  year  (1859)  Le  Conte  stated  that  a  few  species  of 
insects  from  Cape  St.  Lucas,  '» though  all  new,  indicate  a  greater  resem- 
blance to  the  fauna  of  the  Lower  Colorado  than  to  that  of  maritime 
California ;  this  province  may  therelbre  be  found  eventually  to  belong 
to  the  interior  district." 

Cooper  (in  l.SGi)  proposed  tlie  name  Uchitn/i  for  t lie  lorest  tioia  of 
Lower  California,  and  n  trai'led  it  as  a  sub  division  ol  his  Nevadian 
(=Californian )  [irovince.  (irisebach  also,  in  niai)pin};"  the  plant  regions 
of  the  world  in  18(Mi,  included  the  penmsula  in  his  Calitbrnian  regiou, 
but  afterwards  fin  1.S72)  tiaiislcrred  it  to  the  iTitei  if)r  or  ])rairie  region. 

Cope,  in  187.5.  raised  Lower  California  to  primary  rank,  basing  his 
a<  tion  on  a  study  of  its  n  pwles  and  batrachians.  Wallace,  in  I87t>, 
pla(  ed  it  in  the  ceiitial  province  without  sub  division.  Packard,  in 
1883,  followed  Baird  and  Grisebach  in  re<iai  dm^  the  southern  i>art  of 
thepcninsnlaasasiib-dlvisiouof  the  central  province,  while  the  north- 
em  iiartwas  assigned  to  the  Piiciflc  province.  Drude,  in  1884,  divided 
it  transversely  in  two  nearly  equal  i>lant  areas,  placing  the  northern 
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lialt  ill  his  "  North  Mexico  and  Texas  (listrii  t.*'  and  the  soutliern  half 
in  his  tropical  Mexican  District.''  Ilai  tlaiib  and  Newton,  in  1S80, 
I)lace4l  the  entire  peninsnla  in  their  Mexican  regiou,  and  HeilpriD,  in 
1887,  in  his  Sonoran  transition  ref^ion. 

The  way  in  whit  h  Lower  (>alit'oruia  ha>>  been  regarded  by  different 
writers  is  shown  in  the  following  table:* 


Date. 

Anthor. 

1837 

1838 

1843 

Hinds  

1845 

BcrghauH  

1864 

AgMiis  

1856 

1859 

Balnl  

1859 

IMl 

1806 

1870 

ISn  I  Griaeliaeli 
UTS  Cope  


Aa  pari  of  hin  Vesicas  Mtn-tropkNil  malm  

As  ]iart  of  hii<  Moxicaii  r<>alm("Jaeqiiin'arMdm") 

As  jmrt  of  hiM  Cnlifnruiaii  n-sloii  

As  part  of  his  trupical  pruviuio  

Aa  part  of  his  CaUforalan  fanna  

An  part  of  liiii  (.'aliforuian  provini  e  

Ana  »ub-di\i«'i'ni  "f  his  ni!<UHi*  provinct*  

Aa  part  of  his  wutral  dislrirt  

As  a  anb^vfslim  of  lilaNeradiaii  rasCaUCwBim] 
province. 

As  pari  of  hi«  Califomian  rtijiion  

A»  i»art  of  Ilia  Colorado  duaert  district  

Aa  part  of  bis  pmirlo  region  

As  an  independflnt  rejtioD  


1876  AVallace  ., 
USi  ;  Enjtlor.... 
1883  I  Packard., 

Dniili" 
mn  Uartlanb 
BaUprin., 


1887 


As  part  of  liia  Caliloruia  sub-region  

As  part  of  liia  Actec  province  

As  part  of  hiH  ifntral  province  

As  part  of  Ua  Mexican  district  

 do  

An  part  of  fats  Sonoran  transtttao  region 
Aa  a  divlalon  of  his  Soiuimii  ptwince. . . 


Stnd  J  ImshI 
on— 

iiauk. 

PtonU  

• 

0 

...  do   

0 

0 

0 

0 

Kinls  

2 

0 

Forests  •  •  

s 

0 

0 

f  Plants  

9 

Keptiloa  and 

S 

batrachiana. 

Auiiuida  

0 

0 

Animals..  •••• 

0 

.  Planta  

0 

Birds  

0 

0 

Animals  and 

a 

plants. 

*  Jn  the  feir  eaaw  In  whioli  the  penlnsnla  haa  lieen  dirided.  the  aaalgnnwnt  here  given  relates  to  the 
sonllMicii  eiKtmnlty' 

SOITTltERN  FLORIDA. 

The  larj;e  iiuinber  of  tropical  forms  of  life  inhabiting  sonthcrn  Florida 
early  led  to  its  separation  from  tlie  rest  of  tlic  Atlantic  repfion  by  writern 
on  tTie  distribntiou  of  animals  and  plants.  Lesson  (in  ls;;i)  placed  it 
aloiiji;  with  Mexico  in  his  sonth  temi)erate  zoiir.  Hinds  fin  1843), 
itH<»<,nii'/infr  its  Antillean  atlinitics,  placed  tlic  southern  cxtieuiity  of 
the  peninsuhi  (soutUof  latitude  27°)  in  his  W  est  India  region. 
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Th«  extent  to  whirh  sonthf»rn  Florida  has  he<^ii  recognized  m  lau- 
iiall.\  and  florally  distinct  fiooi  the  rest  of  the  United  States  is  shown  ia 
the  following  table: 


1831  : 

IMS  I 

1851 

lASft 

185y 

180S 

lt$66 

1870 

1871 

ins 


1874 

im 

1883 

1884 
1H87 
1«87 
1887 
1888 
1880 


Authur.  I 

LesaoQ  

Binds  ' 

Hinney  (A.)  ...... 

("oop<r  

Lti  Cout«  

Sidid  i 

VerriU  

lirowu  I 

A  Ilea  

Cop©  I 

I'Arler  

rockard  

Jordwi  j 

Sargent  

Drudf   

Ruk'hvDuw  I 

Bresdri  I 

S€hw«ri...1  1 

MerrlAin........ 


Name  ){iv(>u  t4)  region. 


L Florida  tliviaiuu  of  Mnth  tenpente  com]  .......  Bird* 

[Florid*  diviakmof  West  Indlftregtoa]   Plaata 

IVuiuHiiLi  of  Florid*   Moliusks 

Kloriilinii  n<piin  |  ForoBts 

^ub  lrupicul  province   lusoct* 

t  Florida  divteton  of  AtUuitie  regtoo]  I  Blfdi 

[Floridii  iliviMiuu  of  W««t  Iiullui  vegiOQl   do 

Florida  hii'j  ri';:iiin    Furesta 

Floridiau  fauna   liiniH 

Florldljm  diitriot  


ReptUu  and 

butrachians. 

I'lorida  i.  ^ioii  '  Plants  ... 

I  Florida  diviHiun  ot  Aiitillcan  rt  gion]   Animals . 

f FloridB  dt vtflion  of  iieo-tropi«*«1  prorinoo]  j  MoUmka 

S< mi  ttooK  al  loK  Ht  ori-lorida   FoNlts.. 

'  I 
(Florida  divitiioii  uf  A nlilliMii  rf;;i(>!i  '  Plant*. .« 

[Florida  diviaiuu  of  .South  Aniurican  region]  i  Bird*  .... 

Sontli  Florid*  [AntillMnl  '  Plant* 

Florida  division  of  .VntilU^u  region] 

[Florida division  of  AntiU«*a  snb-TCgUu]..... .  ..J  Anlmalu  and 

plants. 


1 
0 
0 
8 

t 

1 

S 


ANTILLKAN  DIVISION. 

The  fauna  and  flora  of  thcv  West  Indies  have  been  variously  inter* 

preted  by  dili'ereiit  writers,  some  placing  the  region  in  South  America^ 
otliers  ill  Mexico,  aad  others  still  raising  it  to  independent  rank. 

In  1822,  Schouw,  in  mapping  the  plant  areas  of  the  wor]d,pIace<l  it 
in  his  '^Jacqnin's  reahn  or  realm  of  cactuses  and  peppers."  dnbse* 
quently,  however  (in  1833),  lie  gave  it  independent  primary  rank, 
naming  it  Swartz's  realm."  Martins,  in  1837,  was  first  to  liestow  the 
naiiu^  -Vntilleaii  realm''  upon  this  region,  which  he  regarded  as  a 
division  of  ])riniarv  nink,  comprising  the  West  indies  and  adjacent 
ccKists  of  South  and  Central  America.  The  same  arrangement  was 
retained  in  lus  lecture  on  Horal  realms  in  ISCO. 
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The  way  in  which  the  West  ludied  have  beeu  regarded  by  difieient 
writers  is  shown  in  the  following  table: 


Date. 

1820 
1823 

1830 
1831 

183:» 
1836 
1837 
1838 

1811  ' 
1843  j 

1845  I 

1846  I 

1854  I 
185*1  \ 
1858  , 

1866  I 

186« 

1870  ; 

1875 

1876 

1882 

1883  . 

1883  I 

1884 

188(5 

1887 

1887 


Author. 


I)e  Candotts 
Sobonw  


How  regarded. 


Picketing. 


Sriiouw  

hv  CaodoUe 
MU«II4  .... 
Berxhami.... 

Pompper..... 

lliiiila  

Utirghaua,... 

Warner  

AgaxAiz  

Woo«lward  . 

Scluter  

Bafrd  

(Iriatfbach  - . 

Htixl''y  

llrown  

Sclater  , 

Wallac* .... 

Kngler  

Packard  

JovdMk...... 

Drudo   

iljirfluiili  .. 
llfilprtn  — 
Iteisbniiov  . 


Am  an  indc)M'ndeiit  n^gion  > 

Ah  part  of  his  rulm  of  eactaaea  and  peppeis 

(M«jxioaii>. 

An  pari  of     Atoertcaa  Jnt«r*t»opic«l  ragton  — 

Am  part  of  hia  equatorial  ion«  

Af)  an  inde|»endflnt  roalm  (SwarCs'a realm).  

As  au  iadepondeot  region  

Aa  an  ind^MiideBi  ivalm  (Antmean  raalw)  

Aa  an  IndApeadent  raalm  (8«rarta*a  realm)  

Ai»  l)art  of  hia  n<>rt!i  w.iriii  /one  

As  an  independent  rculin  (W{<i»t  Indian  region)  .. . 

As  part  of  hia  tropical  province  

Aa  part  of  bis  tvepiaBl  Amarican  pmvlBeo  

As  a  Mub-diviKion of  lii.s  Central  American  re<;ion. 
As  nu  independent  province  ( Antillean  province). 

As  apart  of  hia  noo-tropical  region  

As  «  primary  region  <  W«at  Indian  region)  


Based  on— 


PlanU. 
....do  .• 


il« 


Ah  a  jwrt  of  liis  AiiHtro-Coliuiibinri  region. 


An  an  iudcpcudeut  province  (Antillean  provintu)). 
Asanlndependentan1>tegi«Mi(AQUlleKBan1hregko) 


.do 


As  ail  inilt  pendent  province  

Aaun  independent  region  (Autiiluan  region) 
A*  part  of  hia  neo-tropieal  province  


Ah  an  indei>endent  region  (Antillnan  district) 
As  an  indcjiendeut  r«>L;ir»Ti  f  Antnii  ^in  rfgiou)  . 
Aa  a  aub-ilivision  of  iiis  nio  t  ropicnl  region  .. 

Aa  part  of  hia  Soatli  Amerleau  region  

Aa  a  divialon  of  hia  tropical  proTinoe  


...do  

Btfda  

Planta  

...do  

...do  

...do  

Auiniala...... 

Plant*  

liammals..... 

....do  

Animals ...... 

Mollusks  

Birds  

...do  

Plants  

Anini.ils   

Fon-sts  

Biida  

Animals  

Plants  

Aoiuials  

MoUnalca  

Plants  

Birds   

Animals  

Blida.  

Animala  and 
plants. 


1 
0 

0 
0 
1 
I 
1 
1 
0 

I 

0 
0 
8 

1 
0 

1 
1 

0 
L 

s 

2 
8 
1 
0 
8 
2 
2 
0 
3 


NORTHWCBT  COAST  DIVI8ION. 

In  1843,  HiDds,  iu  maping  the  plant  regions  of  the  world,  proposed 
a  «  northwest  American  region"  for  the  area  west  of  the  Bocky  Moan- 
tains,  north  of  the  Golnmbia  Biver,  and  south  of  latitude  68^  north, 
Agassiz,  in  his  paper  on  the  zoological  regions  of  the  earth  (1854),  gave 
the  name  "Northwest  Coast  Fauna^to  essentially  the  same  area 
(shown  on  his  map  as  extending  along  the  Pacific  from  northern  Cali- 
fomia  to  the  base  of  the  Unalaskan  Peninsula). 

In  1859,  Le  Gonte,  who  based  his  studies  on  Coleoptera,  spoke  of  this 
region  as  the  "  Hyperborean  province^  of  the  Pacific  district ;  und  the 
same  year  Cooper,  writing  of  the  forest  regions,  described  it  as  the 
"Cauiine  province."  W.  (>.  Hinuey,  in  1873,  mentioned  it  as  the 
'*()regonian  division"  of  the  Pacific  province;  Engh^r,  in  I8S2,  as  the 
^'Kaloschen  zonef'  Drnde,  in  1SS4,  as  the  Columbian  district;'' 
Nelson,  iu  1887,  as  the  <^  Sitkan  district;^'  Brendel,  in  1887,  as  the 

North  Paeiftc  proyince." 
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PKAIKIK  DIVISJON. 

A  few  botamstSy  Inflaenoed  hy  the  widely  different  aspects  of  nature 
resaltinic  from  tbe  presence  or  absence  of  forests,  have  recognized  a 
-  ^<  Prairie  region^**  as  one  of  Uie  great  floral  divisions  of  North  America. 
It  was  first  proposed  by  Pickering,  in  1830.  Pickering  named  it  tbe 
^  Louisianian  flora,''  and  gave  its  boundaries  as  the  Mississippi  on  tbe 
east  and  tbe  Rocky  Monntains  on  tlio  west.  Hinds  described  it,  in 
1843,  as  "  a  pccnliar  tnict  in<*losed  l>y  the  vast  forests  of  North 
America."  Uv  named  it  the  "  Prairie  reg^ion,"  and  said  it  extended 
*'from  within  a  linndred  im'h's  of  tbe  west  bank  of  the  Mississippi  to 
tbe  Rocky  ^fonntains,  stretching  north  to  54'^north  hititude,  and  again 
only  bonud^  on  tbe  south  by  tbe  wooded  coontry  of  theTezasand  tbe 
Mexican  Sea.^ 

(.'ooper,  in  his  pai)er  ou  the  distribntion  of  forests  fin  1859),  named 
it  the  Campestriaii  ])rovinco.  It  was  r(^gnized  by  Brown  in  1870|  by 
Porter  in  1874,  and  by  Jb^ugler  in  1882. 

RECAPITULATION. 

It  IS  seen  that  a  number  of  zoologists  and  botanists,  basing  their 
studies  on  widely  diiferent  gronps,and  as  a  rnle  ignorant  of  tbe  writings 
of  their  predecessors,  have  agreed  in  the  mabi  in  tbe  recognition  of  at 
least  seven  life  areas  in  extra-tropical  ]!7orth  America,  namely:  (1)  An 

Arctic  area  noi-tb  of  tbe  limit  of  tree  growth;  (2)  a  boreal  trans-con^ 
tinental  couifei*ous  forest  region ;  (3)  an  Atlantic  or  Eastern  wooded 
region  stretching  westward  from  tbe  AUantio  to  the  Qreat  Plains;  (4) 
a  central  or  middle  region,  reaching  from  tbe  plains  to  the  Sierra 
Kevada  and  Cascade  Monntains;  (5)  a  Pacific  or  Calitbrnia  division, 
covering  the  area  between  the  east  base  of  the  Sierra  and  the  Pacific 
Ocean;  (t>)  a  Lonisianijin  or  Anstro  riparian  division,  comprising  the 
South  Atlantic  and  Gulf  States  soutli  of  latitude  3(»°;  (7)  a  Sonoran 
division,  occupying  thehi.ix!i  tiible-land  f>f  ^rexieo  and  stretching  north- 
ward over  the  dry  interior  far  enough  to  iiicliuh"  the  southern  parts  of 
Calif<»nii;i,  Xevada,  Ari/cona,  New  INIexico,  and  'i^x-is. 

With  (»r  without  icference  to  the  above  ])rineipal  divisions,  it  has 
Wvn  recently  tlie  custom  of  zoologists,  particularly  oniitholoj^ists,  to 
sul)-divide  tlie  eastern  L'niled  States  and  Canada  into  several  minor 
ai'eiis or  "  faunas,'' as  follows :  {a)  Floridian;  (b)  iiouisianian;  (e)  Caro- 
iuiian;  (<7)  Alleghanianj  (/)  Canadian;  {/)  Hudsonian;  and  (//)  Arctic. 
Of  these  the  Canadian  and  Undsonian  tnnn  a  part  of  the  **Boreal" 
region  above  mentioned,  an(]  tlic  I'loridian  and  Louisianian  together 
nnike  up  the Aust  ru  1 1  j  t;u  i:in  "  di  \  ision,  leaving  on  i>  i  he  Carolinian  and 
Alleghanian  fur  the  so  called  '  lOastern  province"  to  rest  on.  Tbe  true 
relations  <»f  these  zones  will  be  explained  later. 
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LLFE  B£G10]>iS  AUD  ZOUKH  OF  NUBXU  AMEBICA 

In  a  eommaiiicatiOD  I  had  the  honor  to  lay  bofinre  thu  society  two 
years  ago  (December  4, 1888),*  I  stated  that  the  Hudsonian  and  Cana- 
dian zones  of  the  East  belong  to  the  Boreal  region,  and  extend  com- 
pletely across  the  continent,  and  that  the  desert  areas  of  the  West 
belong  to  the  Southern  or  Sonoran  region.  The  pine  plateau  {Pinu$ 
ponderosa)  of  Arizona  and  other  parts  of  the  West  was  shown  to 
consist  of  a  mixture  of  Boreal  and  Sotiorau  types.  -  •  •  In  other 
words,  it  is  neutral  territory"  {yorth  American  Fauna,  No.  3,  Sep> 
tember,  I.SOO,  p.  20).   T  remarked  farther  that  the  Carolinian  fauna 

is  sutl'used  ^  ith  soutberu  forms,  and  tlic  Allcghanlau  seems  to  be 
iHHitral  ground  "  i  Ihid.,  p.  18),  thus  implying  tliat  the  "neutraP  or  pine- 
plateau  zone  of  Arizona  is  the  western  equivalent  of  the  ^^Alleghauian 
Fauna"  of  the  East. 

In  a  subsecjiKMit  publication  {North  American  Fauna^  2s o.  5,  August, 
ISOl)  I  went  a  step  further,  defining  the  treeless  parts  of  tlie  ''Neutral 
or  Transition  zone,"  and  charaeterizinj;  an  Ui)per  Sonoran  zone,"  as 
distin^niislied  from  the  T>o\ver  or  Trne  Sonoran;  but  iiothiTi<r  was  said 
Sk&  to  the  relntioiis  ot  thcst'  /oiu's  with  those  loii^^  rt'co^nized  in  the  East. 

The  time  has  now  ui rived,  however,  wiien  it  is  i)()ssil)le  to  correlate 
tlie  Sofioran  zones  of  the  West  with  eorres])ondinj^  zones  in  the  East, 
as  was  (lone  two  \  enrs  ap*  in  the  ease  of  the  IJoreal  zones,  and  as  was 
intimated  in  tlie  eas*' of  tln^  X^'iitral  01  Transition  zone.  It  can  now 
be  asserted  with  some  eoiUKltnce  not  only  that  the  Transition  zone  of 
tlie  West  is  the  (Mniivalent  of  the  Alh  .i^lianian  of  the  East,  but  also 
tbat  the  UpptT  Sonoran  is  (In*  eiinivah  nt  of  the  Carolinian,  and  the 
Liower  Sonoran  of  the  Aiistro  i  i[»arian,  and  that  each  can  be  traced 
completely  across  the  continent.  Thus,  all  the  inajoi  antl  iiunor  zones 
that  have  been  established  in  the  East  are  found  to  be  uninterruptedly 
continuous  with  corresjionding:  zones  in  the  West,  though  theii  courses 
are  often  tortuous,  following;  the  lines  of  equal  temperature  durinjjf  the 
seasonof  reproduction,  which  lines  conform  in  a  /general  way  to  the 
eontonrs  of  altitude,  rising  with  increased  base-level  and  falling  witli 
increased  latitude* 

The  Boreal  region  extends  obliquely  across  the  entire  continwt 
fix>m  New  England  and  Newfoundland  to  Alaska  and  British  Golumbi% 
and  from  about  latitude  45<^  north  to  the  Polar  Sea,  conforming  in  gen- 
era]  direction  to  the  trend  of  the  northern  shores  of  the  continent.  It 
recedes  to  about  latitude  on  the  plains  of  the  Saskatchewan,  and 
^ves  oflP  three  long  arms  or  chains  of  ishinds,  which  reach  far  south 
along  the  three  great  mountain  systems  of  the  United  States — an 
eastern  arm  in  the  AHeghanies,  a  central  arm  in  the  Rocky  Mduntains, 

•Shiri'  iiiibliHliod  ill  my  n-porf  on  x\\v  "  K«'siiltM  of  a  Itiolo^iral  siirvf  v  of  the  San 
Frauciscu  MuunUiu  regiou  iu  Arizuua,"  X.  Am.  I'auna,  No.  3,  Sojitembei  11,  lyyO. 
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and  a  western  arm  lu  t  lH>  Oasi'adcs  and  Sierra  Neviula.  The  latter  at 
its  northern  base  CHcupies  the  entire  lutaiUh  of  the  Pacitie  Coa«t 
region  from  the  eastern  slope  of  the  mountains  t<^  the  sea,  but  in  pass- 
ing southward  bifureates,  the  main  fork  following  the  lofty  Cascade 
and  Sierra  ranges  to  about  latitade  36<^:  tbe  other  following  the  eoast, 
gradually  losing  its  distinctive  oharactecs  and  beoomiug  invaded  with 
Sonoran  fonnfl  nntil  it  disappears  a  Jittle  nortli  of  San  FranciHco. 

Tbe  following  genera  of  mammals  belong  exclusively  to  tbo  Boreal 
region,  none  of  tbem  ranging  sontb  beyond  tbe  Transition  zone: 

C'crvu8.  Aictuiiiys.  i'uuiculuM.  Latax. 

Ruugifer.  Aplodoutia.  Zapiis.  Gnlo. 

Alee.  Evotomya.  Eretliixoii.  Mmtola. 

Mazama.  I'lionaj-omya.  Lagoiuys.  Neuroti  iebus(  t). 

Ovibos*  JAyodm.  TlialarctoH.  Coud.vUira. 

In  addition  to  tbe  above,  i\w  following  genera  are  clearly  of  Boreal 
origin,  althongb  reacbing  and  in  some  cases  jienetrating  i>arts  of  tbe 
Sonoran  region: 

Ovia.  Castor.  Valpo*.  Pntorina. 

BiHon.  *  Arrioola.  Uinus.  Sorex. 

Tamaifl.  Fiber.  Lutreola. 

Besides  tbe  genera  bere. enumerated,  tlie  following  sub-genera  belong 
to  tbe  Boreal  region:  Tamianciuntu  (containing  tbe  red  ov  spruce 
squirrels),  ilf^meff  and  CA«/orii«(lield mice  or  voles,  of  wbich  Mynmnet 
lefiches  soutb  a  little  beyond  tbe  Transit  ion  zone),  Teotuma  (the  bushy- 
toiled  wood-rats),  and  Neosorex  and  Atophyraif  (subgenera  of  sbrews). 

Tbe  Boreal  region  is  made  npof  two  priucipal  divisions,  both  circam* 
polar:  (1)  An  Arctic  division,  above  tbe  limit  of  tree  growth;  and  (2) 
a  Boreal  Coniferous  Forest  division. 

ARCTIC  MAMMAUi. 

(Fonnd  above  the  limit  of  trees  and  all  rircum^polar.) 

A.  JCjccluaively  Arrtic. 

Kskinio  .,  ffofhti. 

Pdiarboar   I'halarctos  mariliinu*t. 

Barren  ground  bear  f  >tN«  ridiard^toiii. 

Mask  ox  (kiboa  mMthatu*. 

Barren  ground  cariboa  Jtangifer  grwHlmdUim, 

An  ti<-  fox   Viifprx  laffopits. 

An  tic  han-  Lepun  tjlacialis. 

Lemiuiug   Myodt  n  ohentis. 

Lemming  Cutiientu*  ierqvuUtu, 

Arctic  red'backed  monso  Krot&mg«  ritHlw. 

Parrv'a  spcrmophile  SprrmophUuB  emprtra, 

*Tiie  fiianal  p(i8itiun  of  the  genua  Biwm  Ih  not  «o  certain  aa  In  the  ease  of  the 
other  genera  here  mentioned,  thongh  both  the  American  and  the  Buropean  epeoiet 
eeem  to  be  of  Boreal  origin* 
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B.  Common  to  Arctic  and  Hudnonian. 

Woivoriue  Gitlo  Imicuit. 

(iray  wolf  Can  is  grineuH. 

Enniii«  Pnioriiia  erminm. 

The  Boreiil  ConitV'roiis  Forest  division  may  be  subdivided  into  at 
least  two  traiis-fontiiu'iital  zones:  (a)  Hudsoniaii  and  (h)  fanadianj 
and  a  third  or  '''I'iiuhcr  linf  /ono^  may  be  ditt'ercntiatod  tVom  the  llud- 
sonian  proper.  In  spt-aking  of  the  divisions  of  the  Boreal  region  on 
hi^h  luoiiMtains  it  is  customary  to  add  the  word  alpine  to  the  name  of 
the  division;  thus,  Arctie.-alpine,  iiudsouiau-alpiue^  and  so  on. 


MAMMA1>«  »>K   IHK  lUUtKAI.  /ONK. 


(Th«  IeM«r  •  liidl««t««  that  the  iipactw  la  ksowu  only  fram  mmtnteSiife,  or  i«  In  bh  lapine  form.) 


RMigtfer  cuibon. 

Alee  umericaims. 
Ma/;itria  raontaua. 
OviH  caDadeusis. 

aalli. 

8«iuioptentt  volans  sabrinas. 
Sotnras  fineoioiiti. 

uiogollooeiisU  {«}. 

hudiH>iu('u». 

ealifornieuB  (a). 
vancotivereiMift. 

ricliardHooi. 
i!onirlr»>»f»i. 
Tauiias  finen^ic-tiliiH  {a). 
obecnnis  (a). 

townsrndi. 
tuubriuuM  {a). 
qnadriTittatua  (a). 

amoBtitw  (a). 

lutoiventris  (a). 

iu']{lectu8. 

Spuruiopliilus  lateralis. 

cMtonuras  (a), 
chiysodeints  .a). 

cinernHi'cns. 
armatus  (a), 
beldiiigi  (a), 
empetra. 

kodiacousfs. 

culuinbiuiins* 
Arctomys  P5ili«;fitiis  (a), 
dacota  (a), 
flaviventor  (a). 


Aplodontia  tn^jor  (a), 
mfa. 

Sitomys  niiHTicaiuis  aroticns. 

aiistfrns. 

^leotoiiia  ciiii  rci  drutntaoudi. 
Pbenai'oiny!*  bumiliM. 

oelatuB. 

intorinedius. 

latiiiinnim. 

l«niui«'an«biM, 

oropltiluH  (a). 

iiugava, 
EvotoiuyH  califomictts. 

occidcntalis. 

EvotoiuyH  idahocnsis. 

r  iroliiieiisis  (a), 
dawmmi. 
galoi  («). 
gapperi. 

breTicandna. 

Arvicola  nlticolns  (a). 

clniiMinoiidi. 
uaiiiiH  (a). 

mordaz. 
longicaudut. 

townseiidi. 

IIKU*ro)M)H. 

xuiithoguutliUH. 

Myodes  obeusis. 
Cnntcuhw  toniuatas. 
Zaims  hud«otiia«. 
Crethizou  (1nr<«nttiM. 

upixautlius. 
LuguuiyH  priucojw  (a). 

ochisticepa  («). 
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MAMMAL8  OF  THE  BOREAL  ZONE. — CoUtma«d. 


Lepns  ameriouiDs. 

Imirdii  (a), 
washingtoiii. 
Lynx  canutlcusk. 
UisuB  americaunii. 

hraribitiB. 
Patoriae  culbertBoni. 

loniriranda. 
^lustela  atuericaua. 
CBurina. 
pennuiti. 
Soros  belli. 

(lobsoiii  (a). 

ibateri. 

idalioenais. 


Sorex  inoQticolua  (a). 

p.arificTI8. 

rirhard.soiii. 
S|»ha»gTiicoluH. 
auckleyi. 
trowbridgei. 

^iinilis  (a), 
albibarbiti. 
palustrts. 
bodrodromns. 

Condjrinra  nristata. 
Vospcnigo  iioctivagaiitt. 
Atalapha  cineroa. 


The  Soiioran  region  as  a  whole  streUihes  across  the  coutiueut  from 
Atlantic  to  Patiflc,  covcriTi  .:  nearly  the  wliolo  country  sonth  of  latitude 
43^  and  reaching  northward  on  the  Great  Plains  and  Great  Basiu  to 
about  latitude  48°.  It  is  invaded  from  the  north  by  throe  principal 
intrusions  of  boreal  forms  along  the  three  great  mountain  systems 
already  mentioned;  while  to  the  sontliwnrd  it  o<'cui)ies  the  great  inte- 
rior V)asiii  of  Mexico  and  extends  into  tlie  tropieR  alonj;-  tlie  liiglilniids 
of  the  interior.  Jt  eovers!  also  the  peninsula  of  Lower  (  alifoniia.  the 
southern  part  of  which  secinii  entitled  to  rank  as  an  independent  sub- 
division. 

The  following  genera  belong  exclusively  to  tlie  Soiioran  region  (as 
distinguished  from  the  burealKnone  of  them  ranging  north  beyond  tlie 
transition  zone.  Those  preceded  by  the  letter  T  are  intrusions  iroiu  the 
tropical  region. 


TDidelpbis. 

r  Tutusia. 
r  Dirotylrs. 

Kritlii  odontomya.t 

Oiiyilioiuys. 

Oryawmys. 

Sigmodon. 


Geomys. 

l)ipo«lom.y«. 

rci  oclipus. " 

MuToiUportops. 

I'erogujvthus. 

Heteromys. 

Urocyon. 


Baasarivciia. 
TNasaa. 

f'diu'pntus. 

Spilojialf. 

Xotioaorex. 

Scalops. 

Coryuorhioua. 


Eadenna. 

Antru/.ons. 
X  vcticejiis. 

y  M(i|089U8. 

T  Nyctiiiomus. 
TOtopteras. 


*  Tbo  gcucric  uaui«*  I'et  odipin*  yvm  prupu»oil  iu  lSi>7  hy  Fitziuger  lor  the  5-toed 
kangaroo  rata  (Sitxungtber.  nMth.  nat,  Claase,  K.  Akad,  Win.  ITtcit,  lvi,  p.  136), 
tkuB  ante-dating  by  twenty-three  yeaia  the  name  Dipodop*  proposed  by  tbo  writer 

for  the  same  type  in  lHm(Xoi  lh  Am.  Fatnia.}\o.  3,  September,  1890,  p.  72).  Both 
generic  names  were  baspd  nn  IHpndnmfj^  ntjiUa  of  (lambel,  from  T.ns  Aii'^elea.  Cal. 

t  The  gonoric  name  liiitlnuHoniomifs  wan  propoaad  by  Gigliuli  iu  1873  (Eichtrtkc 
iMhrnc  atla  Di$tribvuio»«  Qeagrafioa  Omm^t  Soma,  1873,  p.  160),  and  aate^tea 
OMndoh  of  Couea. 
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Tn  HfMiiaiii  to  t  li»'  alxive.  the  follow  iii;^  ;:tMM'r;i  srcm  to  be  of  Sonoraa 
or  uustnil  orijiin,  alrli(m<:ii  re<\cliinjr  J^sul  iji  some  cases  peuetratiug  a 
considerable  <listuiue  into  the  boreal  region: 

CariaciiH.  Nt'otcniui.  Mephitis.  Bliiriiin. 

Aiitiloczipra.  TlHrninmys.  J  Feli>+.  Ataluph.i. 

Cyiiom>'8.  2'l*roc>ou.  Lynx.  VoHpeniKo. 

Sitnniya.*  Taxidea.  Scnpnnus.  Veapertllio. 

The  jreiu'ia  Sitnim/s,  Mrpliith,  Lynj;,  AtnlupJuu  Vrsprrufio,  ami  Yen- 
pertHio  rau;;e  well  north  in  the  Boreal  zone,  where  ('a<'h  is  represeuted 
by  n  siuj^le  species.  In  the  Sonoraii  zonp.  on  the  other  hand,  these 
same  genera  reach  their  maxiiuuiu  development  and  are  represeDted  by 
uumerous  sjhm  ies. 

Besides  the  genera  abovtt  enumerated,  a  number  of  sub  genera  belong 
Ui  the  Sonoran  region.  AmoDj;  these  are  yrosdi/rtis  and  ParascfuniH 
(subjrenera  of  Srinnm),  Xn'OHpcnnophiluftyi  Ammosjiennophilwt^X  and 
Ivti4lomif,H  (sub  gem  ra  of  SpennophihiH),  Pityniys,  PedomyH^  and  Xeojiber 
(sub jrenera  of  A  n  icohi),  and  ('ha  todipus  (a  sub-genus  of  Perognathm, 
which  is  almost  entitled  to  rank  as  a  lull  ^eims). 

The  Sonoran  region  may  be  divided  by  temperature  into  two  princi- 
X)al  trans  continental  zones,  (a)  Upper  Sonoran,  and  {b)  Lower  Sonoran;  § 
and  each  of  these  In  tarn  max  ^  sub-divided  into  arid  and  humid 
divisions. 

The  gray  fox,  Crocyouj  ranges  over  both  Upper  and  Lower  Sonoran 
from  Atlantic  to  Pacific;  and  pocket  gophers  of  the  genns  QemMf9 
inhabit  both  these  divisions  on  the  Great  Plains  and  in  the  Mississippi 
Valley,  and  range  east  to  the  Atlantic  in  the  Anstro-riparian  Kone. 

Both  divisions  of  the  Lower  Sonoran  are  inhabited  by  the  trans-con- 
tinental genera  ReithroHontom ys,  Sigmodon,  Corynorhinugj  Nyetinomm^ 
Oicpieruiy  Neotomaf  and  t^pUogahy  thongU  in  the  west  the  two  last  men- 
tioned range  through  the  Upper  Sonoran  also. 

The  humid  Lower  Sonoran  or  Anstro-riparian  is  a  division  of  much 
importance.  It  begins  on  the  Atlantic  seaboard  at  the  mouth  of  Glies- 
apeake  Bay  and  stretches  thence  southwesterly) embracing  the  alluvial 
lands  of  the  South  Atlantic  and  Gulf  States  below  what  geologists 

•  Tltf  jrt'm  I  i<-  iiauu'  JlfMperuiHifs  lu-ing  untfur»1>l<%  Allen  has  rerently  mibstituted 
for  It  ilii"  iiaiin;  i'l xperimua  proposed  by  C'oues  as  a  Hul)g«'nu»  in  lUli  {Bull.  Jm.  Mu9. 
Kai.  Hht,,  Jnua,  1894,  lu.  Xo.  2,  pp.  281-297).  Vesperimut  is  ante-datiNl  by  Sttomyt 
of  Fitzinger,  propoHtnl  in  18(17,  and  hf^^^ed  on  Capper's  CHeetvt  myoidcM  from  Lake 
Sii«c<»o,  Ontario,  Cnnada  (Sititinfiubcr.  math.  nat.  t  7<js>' .  A'.  Akad.  JVi»H.  Wirn.  18fi7, 
I. VI,  |».1>7).  Gai>|)t'r's  CrireluH  myohh-it\s  th(M>oniniun  white-footod  niunMu  <>f  Houtlioru 
Uutario  and  noriUcru  Now  York.  \vlii<  h  liicrefore  bccomea  tU©  typo  of  tli<»  guuim. 

^  Xtroxpt  rmophUutf  eiib-gen.  nov.,  pr«»po8ed  for  Spermophilua  moAarenm  (type)  and 
the  allied  Bpocieii  of  the  fi.  9pitof>oma  group* 

t  trumonprrmophilHtt  utili-gen.  nov.,  proposed  for  SpermopkitHt  lenenrM  (type)  and 

^  The  grout  Lower  Suuorau  Zunu  may  b«  tiplit  luugthwiHe  (iu  au  east  and  went 
direction)  into  two  belts  wliicb  have  not  yet  been  thoroughly  differentiated. 

H.  Mis.  334,  j)t.  1  25 
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know  as  the  Ihllliiu'."  rising  in  tlir  Mississij)!)!  bottom  us  tar  as  the 
junction  of  the  Ohio  with  the  ^Mississippi,  nn<l  foHowiug  the  former  in 
;i  narrow  strip  to  the  point  wliere  itreceivL's  tlie  Wabasli.  On  tho  west 
side  of  the  ^fississippi  it  crosses  Arkansas,  n-aches  southern  ]\lissouri 
and  soiitlieasteru  Kiinsiis,  and  8i>reads  out  over  Indian  and  Okhdioina 
Territoricis  and  Texas,  where  it  loses  its  moisture  and  nu  i  j^es  insensibly 
into  the  arid  JSonoran.  Oryzomya  and  Xi/cfiajus  aie  distiuetive  Aus- 
troriparian  genera.  Six  other  genera  {Xiotoma^  ReithrofJotitnmt/Sy 
Gtomys,  iSpiloyaley  X  ifttinomtis^  and  Cori/norhinufi),  whicli  in  the  region 
east  of  the  Mississippi  seem  to  be  restricted  to  this  division,  have  a 
more  extended  range  in  the  west.  The  cotton  rat  (*s'<^/;/iodo»),  another 
characteristic  Austro-ripaiian  genus,  has  a  very  limited  range  in  the 
arid  Sonoran. 

The  arid  Lower  SoDoraa  extends  westeriy  ftom  the  humid  Sonomn 
to  the  Pacific,  covering  8onth«*ni  Kew  Mexico  and  Arizona  south  of  the 
plateau  rim  (sending  a  tongue  up  the  Kio  Grande  to  a  point  above  Albu- 
querque), the  west  side  of  which  it  follows  northerly  to  the  eztfeme 
northwestern  corner  of  Arizona  and  the  aouthwestern  corner  of  Utah 
(where  it  is  restricted  to  the  valley  of  the  lower  Santa  Clara,  or  St 
George  Vall^),  and  thence  westerly  across  Nevada,  reaching  northerly 
to  Pahranagat,  Oasis,  and  Owens  valleys,  and  thence  curving  south- 
westerly, following  the  eastern  base  of  the  Sierra  Nevada,  Tehachapi, 
and  T^on  Mountains,  and  covers  the  whole  of  the  Mohave  and  Colo- 
rado  deserts  and  all  the  rest  of  southern  California  except  the  moun- 
tains. It  sends  an  arm  southward  over  most  of  the  peninsula  of  Lower 
California,  and  another  northward  covering  the  ISan  Jdnquin  and  Sa©» 
rameuto  valleys.  The  distinctive  mammals  of  the  arid  Lower  Sonoran 
are  kangaroo  rats  of  the  genus  Dipodomyit^  pocket  mice  of  the  sub-genns 
CAtfpMi^tts,  and  spermophiles  of  the  sub-genera  XerotptrmophiUt^  and 
AmmospermophU  it  a. 

The  peninsula  of  Ix)wer  California  is  a  sub  division  of  the  arid  Lower 
Sonoran  zone.  Not  a  sinfjle  genus  of  land  mammal  or  bird  is  restrieted 
to  it  and  but  two  peculiar  species  of  mammals  have  been  described. 
The  peculiar  birds  are  more  numerous,  but  with  tew  exceptions  are 
only  sub-specilically  separable  from  those  of  neighboring  i)arfs  of  the 
United  States  aTxl  Mexico.  They  may  be  classed  in  two  cate{4< 'lies: 
(1)  mountain  lorms  derived  from  the  North  (of  Boreal  or  Transitmii 
origin);  and  (2)  lowland  loi  ins  derived  from  the  contiguous  plains  (of 
Sonoran,  or  in  one  instance,  sub-tropical  origin).  As  would  be  ex- 
pected from  th<"  i-liara(  ici  of  the  country,  the  great  majority  are  suh 
spi'cies  of  well  known  iSonoran  forms,  with  the  addition  of  a  small  luau 
ber  of  peculiar  species  belonging  tu  fcjonoran  genera.  Ibit  a  single  sub- 
tropical binl  is  known,  namely,  lUmJroka  bryunti  vuHiaatic^psj  and  it 
is  restrieted  to  the  nmngrove  lagoons. 

The  presence  of  thiti  sub-tropical  bird  in  the  narrow  coa^t  lagoons  is 
in  complete  accord  with  the  vegetation  of  the  coast  strip,  which,  as  Hr. 
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T.  S.  Brandejxce  tells  us,  ia  sub  tropical.*  This  indicates  the  presence 
of  a  narrow  coast  belt  similar  to  that  of  south»n  n  Florida,  but  of  less 
extent.  It  is  possible  that  BtUiiliunn  jumiiisi  is  siib  tr(>i)i<'al  rather  than 
Sonoraiiy  but  the  details  of  distribution  of  tiie  gonus  are  not  well 
known. 

Anionir  !  »'j»tiles.  alxmt  2~i  peculiar  species  of  snakes  anil  lizards  ;n  e 
believed  to  be  restricted  to  the  peninsula,  but  no  peculiar  genus  is 
known.  Three  of  the  genera  aie  tropical,  and  nine  are  arid  Lower 
Sonoran. 

Ill  addition  to  the  i>ecnliar  spexties  and  sub  species  of  the  peninsula, 
many  cbara<;teristic  arid  Lower  Honorau  ftams  of  niaminals,  birds,  rep- 
tilcH,  insects,  and  plants  abuuud.  Anion^'  the  latt<»r  maybe  nicntioned 
the  hi«»hly  distinctive  Souorau  desert  brush,  Lm rea  mtuimna  and 
Kra  m  eria  parvifoUu. 

Coi>e  includes  the  whole  peninsula  in  his  Lower  California  region, 
but  other  writers  restrict  the  peculiar  fauna  and  flora  to  the  eud  of 
the  peninsula  Boatk  of  the  north  foot  of  the  mountains  between  La  Paz 
and  Todos  Santos.  Bryant  states:  There  is  no  more  sharply  defined 
ftnnal  and  floral  area  that  occurs  to  me  now,  exceptin^ir  that  of  islands, 
than  is  embraced  in  the  region  above  defined,"  f  but  he  omits  to  name 
the  forms  by  which  it  is  characterized.  It  is  evident  however  that 
the  peculiar  fauna  of  the  peninsula  of  Lower  California  entitles  it  to 
rank  as  a  minor  snb-division  of  the  Lower  Sonorau  zone.  It  is  in  effect 
an  insolar  ianna  of  recent  origin,  bearing  the  same  relation  to  that  of 
the  mainland  as  do  several  of  the  adjacent  islands. 

The  humid  division  of  the  Upper  Sonoraa  comprises  the  area  in  the 
eastern  United  States  commonly  known  as  the  Carolinian  fauna.  The 
opossum  {IHddphU)  here  finds  its  northern  limit,  as  do  the  so-called 
pine-mouse  (snb^genns  ntymys)  and  the  (Georgian  bat  (Vesperii^  geor- 
gianm).  Before  reaching  the  one  hundredth  meridian  this  area  grad- 
ually loses  its  moisture  and  spreads  oat  over  the  Great  Tlains  as  the 
arid  or  true  Upper  Sonorau,  rea<'bing  an  altitude  of  alxmt  4,000  feet 
along  the  east  foot  of  the  Bocky  Mountains  in  the  latitude  of  Colorado, 
and  sending  a  tongue  northward  along  the  Missouri  obliquely  through 
North  l>akota  and  into  east**rn  Montana.  Another  sub-division  of  the 
arid  Tapper  Sonorau  oc<'ui>ies  the  greater  part  of  the  (Jreat  liasin 
betw  een  the  Kocky  JMonntains  and  the  Ili^^h  Sierra,  reaching- northerly 
from  the  upi)er  border  of  the  Lower  Sonorau  loiin<l  includiui^  tlie  i»lains 
of  the  Columbia  and  Snake  rivers.  Another  ])art  of  noteworthy 
extent  is  a  narrow  b(  It  encircling  the  interior  ])asin  of  California— t!»c 
valley  of  the  Sacramento  and  San  Joaquin  river^ — and  a  branch  of  tlie 
same  along  the  coast  between  .Monterey  and  the  Santa  Barbara  plain. 

•  Bmndegee,  Proc.  Calif,  .iiatl.  Sd..  1S!)1.  2(1  8er..  iii.  110. 

t  Walter  K.  Bryant  in  Zor.  Oct.,  is:»l.  n.  No.:?,  isc,  S,c  als,,  itnporfnnt  ''Cnta- 
logae  of  the  Birds  of  Lower  California,"  I'roc.  CaliJ.  Acaii.        1^<?<J>,      aer.,  ii,  237- 

m 
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Tbe  following:  |jfcn«n\T  of  luainnia]^  fmd  their  northern  limit  in  tin'  arid 
Upper  Sonorau  zone:  Perodipits.  V icrodipodvpN^  J^eroynotUus,  Ontfcho- 
myHy  iSjtiitHjale,  Uroci/on^  Hat(sari.si  u,s^  and  Antrozom. 
*  Interposed  between  the  Bt*ieal  imd  Sonorau  regions  tbronghout  their 
nunierons  windings  and  iutcrdijritntions,  is  tlie  Xentral  or  Transition 
zont'.  The  hnniid  division  of  this  zone,  known  as  the  Alle«;hanian 
fauna,*  covers  the  greater  part  of  New  England  (exeept  Maine  and 
the  mountains  of  Yerniout  and  New  Hampshire)  and  extends  westei  ly 
over  the  greater  i)art  of  New  York,  southern  Ontario,  and  Pennsyl- 
vanift,  and  sends  an  arm  sonth  ^ong  the  Alh  ghauies  all  tbe  way  across 
the  Tirginias,  Oaidlinas,  and  eastern  Tennessee,  to  northern  Georgia 
and  Alabama.  In  the  Great  Lake  region  this  zone  continues  westerly 
across  southern  Michigan  and  Wisconsin,  and  then  curves  northward 
over  the  prairie  region  of  Minnesota,  covering  the  greater  parts  of 
Kortb  Dakota,  Manitoba,  and  the  plains  of  the  Saskatchewan;  thence 
bending  abruptly  south,  it  crosses  eastern  Montana  and  Wyoming, 
including  parts  of  western  South  Dakota  and  Nebraska,  and  forms  a 
belt  along  the  eastern  base  of  the  Bocky  Mountains  in  Colorado^  and 
northern  New  Mexico,  here  as  elsewhere  occupying  the  interval  between 
the  Upper  Sonorau  and  boreal  zones. 

In  Wyoming  the  transition  zone  passes  broadly  over  the  weU-known 
low  divide  of  the  Bocky  Mountains,  which  affords  the  route  of  the 
Union  Pacific  Eailway,  aud  is  directly  continuous  with  the  same  zone 
in  parts  of  Coloriido,  (Ttah,  and  Idaho,  skirting  the  boreal  boundaries 
of  the  Great  Basin  all  the  way  nronnd  the  plains  of  the  Columbia, 
sending  an  mm  northward  over  the  dry  interior  (tf  British  Columbia, 
descending  along  the  eastern  base  of  the  Cascade  Kange  and  tbe  High 
Sierra  to  the  southern  extremity  of  tbe  latter,  aud  occupying  tbe  sum. 
mits  of  the  coast  ranges  in  Calilbmia  and  of  many  of  the  desert  ranges 
of  the  Great  Basin. 

Tbe  transition  zone,  as  its  name  indicates,  is  a  zone  of  overlapping 
of  boreal  and  Sonoran  types.  Many  boieal  genera  and  spe^'ies  here 
reach  the  extn  iiie  sDuthern  limits  of  their  distribution,  and  many 
Sonorau  genera  and  species  tht'ir  nortlieni  limits.  But  a  single  mam- 
malian genus  [SynapiomyH)  is  restricted  to  the  transition  zone,  and 
future  research  may  show  it  to  inhabit  tbe  boreal  region  also. 

*  Prof.  Louia  Agaaaiz,  in  hiA  highly  importnnt  work  on  Lake  Superior,  clearly  rrc 
ognisofl  tbe  trauMtinn  nat  uro  <ii'  thiA  jMine,  for  b«'  sa.VN :  "  The  State  of  Manaachiuietts, 

with  its  loiiir  ami  Htrf«t«  ]jiiMl  into  tin-  (K  (  :in  f-astwanl,  or  rather  th«  region  f  xtvinliti;; 
wostward  umtiT  the  same  parallel  throuf;h  the  State  of  New  York,  lorms  a  niitnral 
luuit  betvvceu  the  vegetutiuu  of  tlio  warm  temperate  zuuc  uDd  that  of  the  cohl  lem- 
porate  sone.  •  -  -  Not  only  is  this  also  the  northern  Imiit  of  the  culture  of  fruit 
treei4,  but  this  sons  is  eqnally  remarkable  for  the  great  yariety  of  elegant  »hrubs 
which  occur  parti<;nlarl\  on  its  nortlu'rn  T»onlers,  where  we  fiiul  so  great  :i  variety 
of  s]>r««  ics  helongint;  t»>  the  geiicr:!  ('clastrtH.  f'rata  ^fus.  Hibc8.  CoriuiR,  HaiiiHiuelis, 
Van  uiium,  Kalmia,  Khudoru,  A/alea,  Kli<Miodeudroti,  Andromethi,  Clethra,  Vibur- 
nnin,  (  ephalaitthuK,  Priiios,  Dirca,  Ctdtis,  etc."   (A«jlre  Superior,  1S50, 182-183.) 
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The  following  boreal  genera  of  m^wnmnii^  disappear  in  the  transition 
zone: 

T«niu.*  Zapti3.  Valpes.*  Ursiis." 

iFiU«r.t  Erethison.  Carvm.  Nearotrichtu. 

ISvotomyi).  Arotomya.  OtIs.*  Condylnra. 

The  t'ullowiug  Souoruu  genera  ot  mammals  disappear  in  the  transi- 
tion zone; 

Antilocapra.  OeotnyB.  Perognatliiui.  Urocjon.} 

Cyiiuinys.  Thomomyv.^  Ba8Barifloiit4  Sealopa. 

As  already  stated,  the  only  mammalian  genus  apparently  restricted 
to  the  transition  zone  is  Synaptonujs,  a  lemming  mouse.  A  number  of 
Bpecies  however  seem  to  be  nearly  or  quite  confined  to  this  zone* 
Among  these  are  the  following: 

Bciurus  aberti.  8punD0pLUuM  spiloaoma  pratensis. 

fowor.l  giamiuunis. 

caroIineiiaJa  leacotis.  townwndi.l 

Tamias  iu«rriaiiii.  CynomyB  lencama. 

miniums.  Sitomyt^  nt  Urascensla. 

pictOS.  boyiii. 
striatus.  tnifbig»neii»iH. 

Spennophilas  elcgaus.  Arvlcola  uiogoUoneuiiis. 

Tichardfloni.  aiuterna  minor, 

olmoletna.  enrtatiis. 

Arvirola  jim!! irlrTs.  PerojpiathiUi  fuMf-iatus. 
Syuai»io«iiyH  rouperi.  ulivaceoua. 

L.cpu.s  umurieuuua  virgiaianus.  Putorius  uigrij>0H.|| 

campeatris.  Yulpea  veloz. 

idahnonsis.lj  Soapanns  americanus. 

sylvattons  nnttalli.||  Yeapertilio  melanorhinns. 

Local  elevations  of  the  land  in  the  Sonoran  region  are  capped  with 
isolated  patches  of  transition  or  boreal  species,  according  to  the  tem- 
perature to  which  their  summits  attain }  and  if  the  elevation  is  sufficient 
to  secure  a  boreaJ  fauna  and  flora,  the  latter  is  always  separated  from 


■  Except  oiMi  sptM'ii's,  whicli  iuliubits  u  litiuted  part  of  the  Souorun  region. 

t  Fiber  raiiges  suuth  boyoud  the  uormal  limit  of  the  trausitiun  zone,  but  it  does  so 
along  the  banks  of  eool  stroanu  fhat  gi\'e  it  a  maoh  lower  tamperatnre  than  that  of 
tlie  snrrouwling  atmoephere.  It  Ih  probable  that  both  Fthv  aud  Ca$tor  tthonld  be 
clasHod  with  ai|uatir  s]H>cio8,  the  limits  of  their  distribution  dejiendiug  on  the  teni- 
por.ifnrr  of  the  wati  r.  The  8am<»  is  true  in  a  l«"»s  <legree  of  the  jniludal  snb-geiu-ra 
JV<<>Av/vx  and  Jtiijfhyrux  {oi  iSorcjr)  and  of  tho  scmi-amphibioUH  members  of  the  sub- 
menus Mjfuomes  {of  Jrvieotd). 

t  Tbmb  genera  barely  enter  the  transitioa  zone  at  all  exeopt  iu  ft  very  small  area 
in  the  far  West. 

$  Kxe«'pt  on  high  mountains  in  th<-  Sonorau  region. 

H  Kauge  down  into  Upper  ;:>oiiorau  also. 
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the  Sonoran  of  the  sorrouuding  plane  by  a  belt  or  girdle  of  transition 

zono  forniH. 

The  tropical  region  reaches  the  United  States  at  two  remote  pointa— 
Florida  and  Texas.  In  the  former  it  exists  as  a  nanow  sub-tropical 
belt  encircling  the  southern  luilf  of  the  peninsula  from  Cape  Malabar 
on  the  east  to  Tarapa  Bay  on  the  west.  In  Toxas  it  crosses  t!ie  Tx)W(»r 
Kio  Grande  from  ^.Texifo,  and  extends  north  to  the  Kueces  iiivGi.  In 
western  ^T(\\i('o  the  tropieal  ret^ion  reaehes  Mazatlan. 

Fourteen  f  iiuilies  ot  tropical  luaiumaU  inhabit  ^orth  America  north 
of  Pauama,  namely : 

IMdelphidse.  DicotylidiB.  ProcyonMsB.  HapalidA. 

BradypodidiB.  Tapiridie.  SoleimduiitidiO.  CebidA. 

MynuecophagidOt    Octodoutidic.  Embalioiinndic. 
Dadypodidai.  Daayproctido).  Pliylloatoiuatida/i. 

Of  the  above  fbnrteen  fomilies,  six  reach  the  United  Statee,  namely, 

JDUldphidtB,  jytujfpodidatf  IHoG^fUdiej  Froeymidm^  EwheMmwridte^  and 
FhyUoxUmisUd^ify  and  two  of  the  latter  {IHdelphidim  and  ProcyonUl€e) 
penetrate  the  entire  breadth  of  the  Sonoran  region,  the  Procyonida 
even  entering  the  lower  edge  of  the  Boreal.  Descending  from  fomilies 
to  genera,  it  is  found  that  no  less  than  sixty-two  tropieal  genera  of  non- 
pelagic  mammals  inhabit  North  America  north  of  Panama,  of  which 
number  nine  enter  the  ITiiited  SStates  from  Mexico,  namely,  Didelpkit^ 
TationOf  JMcoiyles,  Xafoia,  Frovyon^  FelU^  Molomi^y  NyctinomuSy  and  j 
OUypterus.  Of  these,  DuielphiHy  Fells,  and  Procyon  now  reaeli  eonsid  j 
erably  further  north  than  the  others,  as  just  jiointed  out  in  speaking 
of  the  families  to  which  they  respectively  belon^i.  In  explanatinti  of 
this  extended  raii-ie  it  is  found  tliat  these  -jeneni  inhabited  North 
Ameriea  in  pre-glaeial  times,  and  as  a  consiMHienee  have  lu'corne  accli- 
matized to  a  wider  raup'  of  elimatie  t  onditioii.s.  The  semi  tiopieal 
belt  of  Florida  is  not  known  to  possess  any  tropieal  mannnals  exi  cjit 
b;(t  >  mil  ;i  lar^e  indij^enous  mouse  {Sitomys  m<tvt  <, pus),*  hnt  it  1ms  not 
been  exi)U>r(  il  by  experienced  mamnml  colleeiors.  Still,  its  recent 
origin  and  complete  isolation  troni  other  tropical  areas  wouUi  indicate 
the  absea<  e  of  terrestrial  species  derivetl  from  the  south.  At  the  suniQ 
timeit  inknown  to  be  rich  in  tropieal  plants,iand  shells,  insects,  and  birds, 
JUS  is  shown  in  another  part  of  the  present  pai>er  (see  jwst  pp.  404, 
405).  It  contain.s  nine  genera  of  troj)ieal  birds,  namely  Zenaida^  Geo- 
tryyuHy  tStanianait,  A'oxtrhammy  FoJybormj  Crotophaya,  HuetheiOy  CaUi- 
dhvUdon^  and  Cikreba. 

The  following  sixty-two  genera  of  mammals  belong  to  the  North 
American  tropical  region.  The  nine  preceded  by  the  letter  8  enter 
the  southern  United  States,  which  they  penetrate  vaijing  distances. 
Ntfctinomns  and  Otopterus  inhabit  the  Lower  Sonoran  zone*  in  common  I 

'  1>«>s(-i-ibed  by  the  writer  as  Hetperomyt  macntput  in  If,  Am,  Fttuua,  No.  4,  Oct., 
imt,  p.  M. 
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with  the  tropical;  Didilphis  pushes  completely  through  the  humid 
division  of  the  Sonoiaa  legiou;  siiidFelvs  dud  Procyon  euter  the  lower 
edge  oi  the  boreal. 

MOBTH  AMERICAN  TROPICAL  UBNSRA. 


Cluronect««. 

Steuodenaa. 

Noctilio. 

Mimon. 

<8  Didelphis. 

Chiroderuiii. 

S  MulossuH. 

Heiuiderma. 

BradypitH. 

Pygoderma. 

(S  Nyctiuomus. 

Olofsophaga, 

ChoIcBpiu. 

Sturuiru. 

Chilouycteris. 

Fhylloaycteris. 

Ifynneoophaga. 

Brachy-pbylla. 

Momopfl. 

Mouophylla* 

TMOUHidllft* 

Ce&tnrio. 

XjeptonyeteilB. 

CyclotunM. 

8  Procyon. 

Desmodtu. 

Glossonyctoris. 

S  Tatasia. 

Bassaricyon. 

Diphylla.  • 

ChnTonyctwi*. 

S  Dicotylee. 

8  Naeaa. 

Hidaa. 

Anibeus. 

Ceteoleptes. 

Myoetes. 

Vampyiops. 

CftpE'oniys* 

Qaliotis. 

Lonchorliina. 

ChtyMthrix. 

PlafCiodontla. 

Soleuodon. 

8  Otopterns, 

Nyctipiiheeiu. 

Echinomys. 

Natal  lis. 

Vampyrus. 

Atelea. 

Syueth6r«i8. 

Rbynchonycteria. 

Micninyoteris. 

Cebufl. 

Dasyprocta. 

Saccopteryx. 

Trachyops. 

Cffilogenys. 

DicUdiuniB. 

Phyllostoma. 

Recapitulating:,  it  is  found  that  of  the  134  genera  of  iion-pelafpc 
mammals  iuhabiting  North  America  north  of  Panama,  53  art*  exclu- 
sively tropical,  20  exclusively  Sonorau,  aud  20  exclusively  T)oieaI.  In 
ail'litioii  to  these  genera,  which  do  not  ontsfcp  the  limits  of  the  regions 
Ut  which  thej''  severally  belong,  a  number  of  others  are  clearly  referable 
to  the  same  regions,  though  ranging  varying  di.stiince.s  beyoud  their 
projMT  boundarioH.  Including  these  genera,  the  number  belonging  to 
each  region  is  as  follows:  Tropical,  Ol*;  Sonorau,  34;  boreal,  31;  thus 
leaving  but  7  genera  out  t>f  a  total  of  I.J4  that  are  not  distinctly  refer- 
able to  one  of  the  three  regions.  One  of  these  {Synaptomys)  is  not 
known  to  occur  outside  the  limits  of  the  transition  zone,  leaving  but 
six  genera  that  have  not  been  assigned.  These  genera  are  Sciuroj^termy 
JSciuruSy  SpermaphUuSf  Lepm^  Canis^  and  lAKtra^  each  of  which  raniares 
over  large  parts  of  both  boreal  and  Sonoran  regions.  All  except  tiper- 
mopkUus  inhabit  the  tropical  repon  also,  and  all  are  of  great  antiquity, 
as  will  be  shown  presently  (p.  3!)3).  The  genera  S^^ermophiUtt  and  L^ns 
might  be  referred  to  the  Sonoran  region,  because  the  gretit  majority  of 
their  species  are  confined  to  it;  and  for  the  same  reason  Seivrus  might 
be  considered  tropical  aud  Sonoran. 

Omitting  Mexico  and  Central  America,  aud  regarding  the  9  intnt- 
sive  tropical  genera  already  mentioned  as  Sonoran  (in  contradistinc- 
ttoD  to.boreal),it  is  found  that  81  genera  of  non-pelagic  mammals  inhabit 
the  United  States  and  Canada,  of  which  43  may  be  looked  upon  as  of 
Sonoran  origin  and  31  as  of  boreal  origin.  The  7  genera  remaining  are 
those  mentioned  in  the  last  paragraph. 
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Geographic  dMlrt^utioii  of  North  Amerirnu  ijvucra  of  noHjKlagio  mammaU  occurriug 

mrth  of  Mcjcico. 


BORBAL  QXKXBA. 


Camta. 
Bangifer. 

Alee. 
Ovis." 

Bison,  (f  ) 

Oribocu 

TamiM.* 


rariarns.f 

Antilocupra. 

C'.vutmiys. 

RAithrodontomys. 

Oayehomyn* 

SitomyH.t 

Oryzornys. 

8igmuduu. 

N«otoiua.t 


Didelphis. 

Tattttiii. 

DicotylM. 


AxctomyB. 
Aplodontia. 

Castor.* 

Arvicola.* 

Fiber.* 

ETiytoinyft. 

Phenaoamys. 

UyodeB. 


Canieulna. 

ZapuH. 
Erethizon. 

Vulpes.* 
Ursng.* 
Thalatotot. 
Latax. 


Onlo. 
Muatela. 

Lutreola.* 
Pntoriu8." 
Sortx.* 

Neiirotridma.  (t) 
Condylnra. 


SONORAN  GENERA. 


Oeomye. 

Thomoinys. 

Dipodomye». 

FteodipiM. 

Ifiorodipodops* 

Pcnigiiatlms. 

iloteromys. 

Lyox.t 


RiiAHartHcns. 

Tax  idea. 

Cuue]iatui). 

Mephitis.! 

Spilogale* 

Motiosnrex. 

blariua.t 

Scapanus. 

Scalops. 


Corynorhiiiua. 

Euderma. 

Autro^ous. 

Nyetioejua. 

Vesperugo.t 

Atulupba.t 

VespertUio.i 


Feli8.t 
Procyon.t 


TROPICAL  OBMBBA. 

Nasua. 
Holoeaiu. 


NyetinomtM. 
Otopterns. 


TRANSmON  ZOra  OBNRRA. 


Synaptomya* 

OKNBRA  tXHABITiKO  BOTH  BORBAL  ABD  BOKOBAN  ZOXBS. 


Sciuropteros. 
SciuruH. 


Pp»*rmophilii8. 
CauiH. 


Latra» 


Lepus. 


DISTINCTNESS  OF  THE  TROPICAL  REGION  PROM  THE  80NORAN. 

It  has  been  shown  that  the  I'auna  and  flora  of  tropical  Aineriea  reach 
the  Uuited  States,  thuu;;h  in  a  8i»iiu'\vhat  dihite  condition,  along  the 
Lower  Rio  Grande  in  Texas  and  in  southern  Florida,  and  that  in  the 
vast  majority  of  eases  their  jroiiora  and  species  ditler  widely  tVoui  those 
oi"  uther  parts  of  America.  E\(  cj[>t  for  the  pi  e.sence,  chietly  in  the  sonth- 
ern  Tnited  States,  of  a  comparatively  few  forms  d»  ri\«  (l  \'v<*m  the 
tr()i)i(  al  re^noii.  the  fauna  and  llora  of  T^"«»rth  Aiiiei  iea  are  as  distinctive 
and  independent  uf  the  existence  of  this  area  as  it  separated  from  it  by 
the  broad  ocean.  Among  the  eighty. one  genera  of  uou  pelagic  }f(nn- 
maliu  inhabiting  North  America  north  of  Mexico  the  number  of  these 


'  Having  one  sperii's  in  JSonorau  zon«  or  n*achin^  Sonoi  an. 

t  Uavtog  one  species  ia  iioreal  zone  or  reachiug  euutliein  edge  of  Boreal. 
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intrusive  genera  is  only  nme,*  as  has  been  shown,  and  three  of  these 
are  b:its.  The.se  geuera  are:  J}idelphis  Tatmia,  Dicotylesy  I'eUs^  Prih 
^fon,  Xasuaj  ^[olo88^lSJ  yyctinomuSy  and  Otoptrrm.  Tatima  and  Kcutua 
barely  reach  our  southern  boundary;  Dicotyles  extends  only  part  way 
through  Texas;  Molossm  a  short  distance  into  southern  California; 
N'ycihxomus  and  Ofopfents  do  not  pass  beyond  the  lower  Sonoran  zone, 
and  Didelphh  is  restricted  to  the  Immid  division  of  tite  Sonoran.  Out 
of  the  nine  intrusive  j^enera,  thctctbre,  but  two  {Fdis  and  Frocyou) 
reach  tlie  southern  ed^e  of  the  Boreal. 

On  the  other  hand,  a  few  groupjj,  such  as  the  wolves,  otters,  squi  1 1  els, 
and  rabhit><  (treneia  Canis,  LutrOy  tSciunis,  iSviuroptenis^  SpcrmopkiiHXy 
and  Leyua)  occur  over  larjje  parts  of  both  North  and  Bouth  America, 
presenting  a  seeming  obstacle  to  the  acceptance  of  the  view  tliat  the 
faunas  in  question  are  so  wholly  dissimilar.  But  in vesti oration  shows 
that  these  animals  are  almost  worltl-wide  in  distiibuLujii,  iniplying  f^roat 
antiquity  of  origin,  and  remains  of  most  of  them  have  been  found  luw 
<lt)wn  at  least  as  the  IMiocene  strata  in  both  America  and  Kurasia. 
ilence  it  is  clear  that  these  types  became  dilluscd  over  North  and  South 
A.merica  at  a  very  distant  period,  a  nd  their  peculiar  habits  of  life,  though 
wholly  dissimilar,  enabled  them  to  survive  the  great  mutations  these 
laod  areas  have  undergone  sinoe  Miooene  tbneB, 

The  paucity  of  species  of  tropical  derivation  in  North  America  is  the 
more  remarkable  in  viev  of  the  absence  of  barriers  of  any  kind,  save 
climatic  conditions  alone,  to  impede  the  ftree  ingress  of  species  from  the 
Month.  Ko  mountain  range  or  arm  of  the  sea  or  other  tangible  obstacle 
inarlcs  the  northern  boundary  of  the  semi-tropical  fiuina  of  northeastern 
Mexico,  vhere  it  ends  abruptly  near  the  Nueces  fiiver  in  Texas,  or  the 
semi-tropical  belt  of  Florida,  where  it  ends  near  Tampa  Bay  on  the 
west  and  Gape  Malabar  on  the  east. 

If  the  tropicsl  fauna  and  flora  stopped  at  the  narrow  Isthmus  of 
PanBnu^  or  even  in  southern  Nicaragua,  where  the  last  union  of  the 
Korth  and  South  American  continents  probably  took  place,  the  case 
would  be  very  different,  but  instead  of  doing  this  it  pushes  northward 
1,500  to  2,000  miles  and  ends  abruptly  where  the  most  painstaking 
search  fails  to  reveal  any  barrier  to  furtlier  extension,  except  an  uncon- 
genial decrease  in  temperature  and  humidity.  (See  also  remarks  under 
change  of  climate  following  Pleistocene  times,  p.  398.) 

^0  more  striking  illustration  could  be  desired  of  the  potency  of  cli- 
mate comi)ared  with  the  inefficiency  of  physical  barriers  than  is  pre- 
sented by  the  almost  total  dissimilarity  of  thcNortli  American  Tropical 
and  Sonoran  regions,  thouj^h  in  direct  contact,  contrasted  with  the 
great  siiml  u  iry  of  the  lioreal  rej^ions  ot  Xorth  Atneriea  and  Eurasia, 
now  sei);ir;it(  <i  })y  ]>n)ad  oceans,  though  formerly  united  doubtless  in 
the  region  of  Bering  Sea.   Of  the  tkirty-one  Boreal  genera  of  !North 

*  Among  1»irds  the  uumber  af  intrnaive  formii  isgn^ter,  aa  wonld  bu  expected  froui 
thsir  HOperior  powen  of  locomotion  and  dispevaion. 

Digitized  by  Google 


394   OEOQRAPHIC  DISTRIBUTION  OF  LIFE  IN  NORTH  AIISRICA. 


American  luiuiiiiialsall  but  eight,  or  tbre<i  fourths,  occur  also  iu  Eurasia, 
and  but  a  single  family  i8  restricted  to  cold-temperate  America.  This 
tiimilj  {the  Aplodontidfe)  is  the  sole  rei)r('sentativeof  ;i  group  approach- 
ing extinction,  and  the  accident  of  its  survival  (iu  a  single  genus  and 
two  closely  related  species)  in  a  very  limited  area  along  our  west  coast 
can  hardly  be  construed  aa  of  much  faunal  significance.  Contrasted 
with  this  one  family  (which  ought  not  to  be  ooauted)  and  eight  genera 
of  Boreal  Korth  Ameiican  mammalu  not  occurring  in  Enraaia,  tropical 
North  America  (Oentral  America  and  part  of  Mezioo,  ezolnsi^  of  tlw 
West  Indies)  has  no  leas  tban  eight  fiuniliee  and  flfty-three  genera  not 
belonging  to  the  immediately  adjoining  Sonorau  region  of  the  Boathen 
United  States  and  the  platean  of  Mezioo. 

THB  SONOBAN  NOT  A  TRANSITION  RBOION. 

Before  leaving  this  part  of  the  subject  reference  should  be  made  to 
the  view  recently  iuivanced  by  some  natumlists,  notably  by  Angdo 
Heilprin,  that  the  Sonoran  region  is  itself  a  "Transition  region" 
bi'tween  the  Boreal  and  Tropical  faunas  and  Uoras.  The  incorrect- 
ness of  this  hypothesis  is  easily  demonstrated,  for  it  rests  upon  the 
aasamption  that  the  Sonoran  region  is  a  mixture  of  Boreal  and  Tropical 
forms.  The  contrary  has  just  been  shown  to  be  the  case,  the  hiatas 
between  the  Sonoran  and  Boreal  on  the  one  hand  and  the  Sonoran  and 
Tropical  on  the  other  being  not  only  immense,  but  vastly  greater  than 
that  between  Boreal  America  and  Enrasia. 

DIFFBRENTIATION  OF  LIFE  FROM  THB  NORTH  SOUTHWABD. 

Animals  and  plants  inliabitiug  the  Arctic  regions  are  usually  spe- 
cifically identical  throughout  Arf'tic  America,  ( Greenland,  and  the  ♦  »l;(r 
parts  of  Eurasia  and  outlying  islands,  w  hih-  ;is  thry  diverge  from  the 
I)(»h'  southward  they  tend  t<i  split  u])  inlonniny  species;  in  other  words, 
Boreal  species  are  more  stable  and  persistent  than  fliose  inhabiting 
warmer  conntries.  The  explanation  of  tliis  fact  is  tiUvions.  The  iden- 
lity  of  <  liniate  and  envn  (Miineut  throughont  (he  Arctic  zone  tends  to 
preserve  identity  of  specili«-  clmracters,  '"^  ri-'^e  to  a  homogeneous 
fauna  autl  tiora,  while  the  diversity  of  ])hysieal  conditions  and  climatic 
iufiuences  prevailing  in  an  increasln^^  degree  at  greater  <iistanees  from 
the  pole  exerts  a  i)owerful  inlUience  upon  the  various  tbrms  of  life^ 
prodnein<;  tirst  local  geographic  races  or  sub-species,  then  S]>ecie8f  and 
finally  groups  of  S|>ecie8  constituting  well-marked  sub  genera  and  even 
g4'n<'ra,  giving  rise  to  greatly  diversified  faunas  and  floras.  Thus 
among  mammals  the  polar  or  ice  bear  {Tkalareim  mariHimu)  has  no 
veiy  near  relative,  and  is  replaced  in  the  tandras  hy  the  brown  and 
barren-gronnd  bears  ( Urstu  aretos  and  Wcftardmm«),  which  ran  into 
several  more  or  less  distinct  forms,  as  the  snow  bear  {U,  ifobdiinui), 
Syrian  bear  ( U.  sjfriaeiut),  and  hairy-eared  bear  ( U.  pkeiUor),  Besides 
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these  are  the  grizzly  ( U,  horribilis)^  of  which  two  forms  may  be  recog- 
nized) and  the  black  bears  of  America  and  Eurasia  ( U,  americanm, 
torquatusy  and  japonicm)'j  and  still  farther  sontliwurd  the  group  be* 
comes  differentiated  into  several  well-markod  fiPiiora. 

In  like  manner  the  Arctic  fox  is  replaced  to  the  southward,  first,  by 
the  red  foxes  of  America  mid  Kurasia,  of  which  sc\'eral  sub  species  are 
knovvTi:  second,  by  a  number  of  quite  distinct  species;  and  tliinl.  ]»y 
additional  types,  at  least  oue  of  which  in  our  country  is  entitled  to 
generic  rank  ( Uroeyon). 

The  crnune  and  polar  hare  arc  the  sole  Aictic  repi<\«<cntatives  of 
l»ron])s  \\  liich  in  the  temperate  parts  of  Europe  and  America  comprise 
many  distinct  species,  and  in  the  case  of  the  Ibrmer,  several  well- 
marked  sub-genera. 

The  Arctic  lemming's  (genera  Myodcs  and  (Jntiiculun)  are  numerously 
represented  in  the  ih>rth  temperate  parts  of  the  world  by  the  genera 
UUvbiuH,  i:>ynaptomy}iy  rhenacomyH^  iJrotumys^  Fiber,  and  Arricola. 

It  is  not  to  be  inferred  from  the  above  remarks  that  the  polar  repre- 
sentatives of  these  various  groups  are  to  be  looked  upon  88  the  parent 
stocks  from  which  the  other  members  sprang.  Usually  the  reverse  is 
the  case,  for  groups  of  Boreal  origin  that  now  attain  their  maximum 
development  in  the  north  temperate  regions  have  their'4)amber  reduced 
in  the  Aretic  drde  to  a  single  representative.  But  regardless  of  cen- 
ters of  origin,  it  is  here  intended  to  emphasize  the  foct  that  types  in- 
habiting the  Arctie  zone  are  few  in  number  and  uniform  in  character 
throaghout  their  distribution,  while  to  the  southward  the  same  types 
become  moreand  more  diversified  andnew  types  appear  as  the  distance 
from  the  pole  increases,*  so  that  it  may  be  fbrmnlated  as  a  general 
proposition  that  in  continental  areas  the  further  from  the  poleg^  the 
larger  the  mmher  o/familiet,  genera,  and  epeeiet.  t 

•  The  elder  Agasaix  long  since  pointed  out  that  iho  ve^jetation  of  the  t\vt>  conti- 
nents beoomee  more  and  more  UumogeueouM  tho-inore  we  advance  northwurd."  (Lake 
8aperlor,  18S0, 163.)  Stated  conversely,  ibis  in  in  complete  accord  with  the  "  Law 
of  difTerentiation  ftom  the  nortli  southward"  fornuil.ttcd  by  Allen  ns  "uronHtant 
and  ac'colerati'd  divergence  iti  tlie  cliarncters  of  the  uninmlH  and  plants  of  t-noci'ssivo 
regions  of  the  continent.'*  [Hull.  Mui^.  Cnmp.  Zool.  if..  lH7l,37y.)  In  a  tat'Or  contri- 
bution the  Hume  author  Hpeukn  of  the  "  high  rate  of  diliercutiatiuu  favored  by  trop- 
ical eonditiouB  of  elimate/'  and  adds  that  Arctic  and  cold-temperate  climates  are 
characterized  1>y  only  BligMly  or  moderately  diverstted  fantiae;  tliat  a  tnoderato 
incrosiMo.  of  temperature  results  in  the  addition  of  n):tn,v  new  tyiMja;  and  that  "a 
high  increase  in  temperature, giving  tropical  c<mditions  of  rlinuitc."  is  nroonipanied 
by  "  a  rapid  uutltiplieation  of  new  furmu  and  a  maximum  of  dilierentiatiou/' 

t  This  is  a  general  proposttion  intended  to  apply  to  torreetrial  forms  of  life  ool- 
iecNwIy,  and  does  not  conflict  with  the  law  that  the  maximnm  number  of  species  in 
each  partieolar  group  is  found  in  the  sone  or  area  which,  is  the  center  of  its  distri- 
btttion. 


396    GEOGRAPBIC  DISTRIBUTION  OF  LIFE  IN  NOBTH  AMEBIOA. 


OBIGIN  OP  TYPES  AND  FAUNAS— GEOLOGIC  EVIDENCE. 

In  speaking  of  the  Boreal  and  Souoran  origin  of  species  and  groups 
iu  the  present  paper,  the  term  ^^on^n^  is  used  exclusively  iu  a  sense 
intended  to  indieate  present  centers  of  distribution— not  resd  or  ancient 
centers  of  origin;  for  it  must  be  borne  in  mind  that  the  history  of  the 
inhabitants  of  the  earth  is  not  only  a  history  of  the  successive  appear- 
ance and  disappearance  of  t}'pes  now  extinct,  but  a  history  of  great 
movements—'Of  vast  migrations  to  and  fro  over  the  surface  of  the  globe, 
and  little  is  known  of  the  real  points  of  origin  of  our  Boreal  and  Tnq^i- 
cal  faunas  and  floras.  The  geologic  evidence  demonstrates  that  in  the 
past  large  land  areas  have  been  many  times  joined  together  and  many 
times  rent  asunder.  The  establishment  of  land  continuity  between 
areas  previously  disconnected  has  made  it  possible  for  new  forms  of 
animals  and  plants  to  obtain  a  footing  and  spread  over  regions  pre- 
viously uninhabited  by  tbem,— often  doubtless  at  the  expense  of  the 
indigenous  fauna  and  flora.  Even  great  continents,  as  North  and 
South  America,  LaA  O  been  more  than  once  united  and  separated;  and 
the  last  union  of  these  continents  is  so  recent  we  can  distinctly  traceat 
the  present  day  the  course  and  distribution  of  the  intrusive  forms. 

On  the  other  hand,  in  comparatively  recent  times,  multitudes  of 
species  and  genera,  and  even  families  and  liigber  groups,  have  sud- 
denly disappeared  from  large  areas  where  they  were  formerly  abuntlaiit, 
and  some  of  them  from  the  face  ol"  rlic  earth,  so  that  the  fauna  ot  the  ' 
recent  jjast  compared  with  that  nf  to-day  presents  some  sti*ange  con-  i 
trasts.  "N'orth  America  iu  PlcistocnMic  times  was  iuliabited  by  associa- 
tions of  mammals  not  now  b'vin;^-  on  this  continent,  but  found  in  as  far 
distant  parts  of  the  earth  as  Asia  and  South  America;  for  horses, 
camels,  and  elcjdiaiits  then  lived  liere  M'itii  llamas,  tapirs,  and  capy- 
baras.  With  them  were  others  now  jilfourf  hei-  cxlincf.  as  Iniiie  tijLnas, 
Wolves,  cave  bears,  the  ^r<*at  Mastodon,  the  JVicgathenum,  J^legalouyx, 
Mylodou,  and  other  gigantic  sloths. 

&LACIAL  EPOCH. 

Tlie  cause  of  this  sudden  extermination  of  dominant  tjT>esis  believe*! 
to  liave  been  the  (ilai  ial  e])o<  h,  wliieli  is  known  to  have  driven  species 
ol' animals  and  plants  from  the  poles  to  lln'  tropi<-s,  and  wliieli  cxidaius 
several  of  the  utlierwise  ine.xplii  able  problems  presenti'd  in  the  study 
of  the  ])ast  and  present  distributiun  of  life. 

The  snows  at  the  bej^iiiniiiix  of  the  (ilacial  e|HH  h  fell  upon  a  conti* 
ne!)t  of  great  forests — tbrests  that  gave  shelter  to  multitudes  of  mam- 
mals anil  birds  and  other  form.s  of  life,  a  large  proportion  of  which  no 
longer  inhabit  America,  and  many  of  which  do  not  exist  in  any  part  of 
the  globe. 

Ihiring  the  i^eriod  of  maximum  development  the  great  ghider  is  be* 
lieved  to  hav<*  been  not  lesH  than  8,0(H)  foet  in  thickness  in  northern 
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Kew  England,  and  its  soutliern  border  crossed  Xow  Jersey  and  Penn- 
sylvania, and  tlien<  <\  nn  vinjnr  im'«rul;irly  southwesterl}-  U)  sontliern 
Illinois  and  then  noi  tiiwcsttTly,  iiiially  iea<  lu'd  tlie  PaeiHc-  Ocean  in 
British  Colninbia.  Tlie  disastrous  effect  upon  animals  and  plants  of 
this  tremendous  body  of  ice  must  have  reached  far  south  of  its  actual 
borders. 

The  Glacial  ei>och  i»  l)elieve<l  Ut  havo  been  made  up  of  at  least  two 
prindiml  and  a  namber  of  mioor  advances  and  retreats,  separated  by 
long  intervals  and  accompanied  doubtlcBB  by  corresponding  flnctua- 
tious  in  tbe  northern  boundaries  of  the  fannal  and  floral  areas  immedi- 
ately to  the  south;  for  it  is  reasonable  to  suppose  that  thronghont  the 
period  covered  by  the  movements  of  the  ice  mantle,  and  probably  in 
later  pre-gladal  times  as  well,  the  forms  now  known  as  Boreal  and 
Arctic  (or  their  immediate  ancestors)  inhabited  areas  characterized  by 
temperatures  not  very  different  from  those  they  now  require,  and  that 
the  northern  limit  of  each  species  kept  at  a  certain  uniform  distance 
from  the  ice  line.  Plants,''  says  Dr.  Gray,  "  are  the  thermometers  of 
the  ages,  by  which  climatic  extremes  and  climates  in  general  are  best 
measured.'' 

Important  evidence  of  tke  correctness  of  this  hypothesis  is  afforded 
by  tbe  well  known  presence  of  colonies  or  assemblages  of  arctic  species 
on  isolated  mountain  summits  in  southern  latitudes,  where  the  altitude 
carries  them  into  the  low  temperature  of  their  homes  in  the  far  north. 
It  is  obvious  that  su<^h  colonies  could  not  have  reached  their  present 
positions  during  existing  climntic  conditions.  But  during  the  return 
movement  of  animal  and  ])hint  life  following  the  retreat  of  cold  at 
the  close  of  the  (ilacial  ep<M'h,  many  Boreal  species  were  stranded  on 
mountains,  where,  by  climbinf;;"  ii]»w;n d  as  the  tempersiture  increavsed, 
they  won-  erinbledto  snrvivi',  tindiiin;  ;i  tinnl  resting'  place  with  a  climate 
siitlicieutly  coolfor  theii' needs,  and  here  they  haveexitited  to  the  present 
day.* 

Througliont  tlie  growth  of  tbe  great  ice  mass  and  its  extension  from 
tbe  north  s(mlhward  it  is  v\c:\r  that  tlie  animals  mid  j)laiit8  thatc<mld 
not  ke»'p  pace  with  its  ad\  im  i  must  have  peiislie<l,  wiiile  the  steady 
pufeiiiug  toward  the  tropics  ot  tliofe  that  were  able  to  escape  to  the 
rapidly  narrowing  laud  in  that  direction  must  have  resulted  in  an  over- 
crowding of  the  space  available  fortheir  needs  ;iud  a  corresponding  in- 
crciise  in  the  severity  of  the  struggle  for  existcn<e.  The  su.staining  ca- 
pacity of  a  rcj^ion  is  loniied;  hence  such  a  t  hi  iijj  as  over-crowding,  in 
tbe  sense  of  greatly  increasing  the  number  ol  or;i;inisuis  a  region  can 
support,  is  an  impossibility,  for  beyond  a  certaiii  limit  all  excess  of  life 

*Iiiaforni<  r  <  oTnniiiniration  nttrtition  was  cal]e<1  t(»  tlio  ctrcnmHtnnre  tbat  tbo 
pr<»B«n<;e  or  ab8«'iu'«'  nf  stiili  urctif  nl]iinr  rnlnnios  «>n  lii'^'h  volfniiirimniiitnin^  iimy  be 
of  ase  to  tlu"  gecilogint  as  ult'ording  ♦'vi<leiic«  ot  the  ago  ol  llu'  volcanic  activity  result* 
ing  in  tbe  upheaval  of  the  mountain,  tbe  ab«mee  of  Arctic  or  Boreal  foims  indieat- 
lug  postgliicial  origin.  (If.  Am.  Faumoj  No.  3, 84>ptmber,  1880,  p.  21.) 
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must  perish, — over  iTowdmg  inevitably  leading  to  death.  The  mor- 
tality in  any  one  year  may  not  liave  been  ^reat,  T>ut  during  the  many 
tliousauds  <»t' years  covered  by  the  movenieuts  of  the  continental  ice  the 
Hj^^n  egate destruction  of  lite  must  have  been  8tiipeii(l4His. 

Inniiediately  upon  theelose  of  tlie Glacial  eixjcli, life bejraii  toreehiim 
the  regions  from  wliieh  it  had  been  so  lonjr  shut  out.  This  overflow 
released  the  tension  under  which  the  animal.-,  and  ][ilants  had  been  stnig- 
^i^U for  ages  and  rendered  the  contest  for  existence  less  severe.  Over  i 
production  had  at  hist  found  an  outlet,  and  life  became  possible  to  a  con- 
stantly increasing  number  of  individuals.  Normal  reproduction  was  j 
sufficiently  rapid  to  8ax)ply  occupants  for  tbe  regions  made  habitable  I 
by  the  slow  recession  of  the  ice,  and  the  advance  of  both  phiuts  and 
animals  kept  inwe^  doubtless,  with  its  progressiye  increase.  But  the 
species  that  sarvived  to  return  were  only  in  part  those  driyen  out 
Many  had  been  overtaken  by  tbe  cold  or  had  perished  in  the  joomey 
southward;  others  were  driven  into  inhospitable  regions  where  the  en- 
vironment was  not  suited  to  their  needs;  others  still  succumbed  in  the 
struggle  resulting  ftom  over-crowding,  and  some  that  outlived  the  first 
great  period  of  glaciatioii  perished  during  the  second.  Gilbert  tells  as 
that  a  detailed  study  of  the  ancient  lake  beds  of  the  Great  Basin 
<^  shows  two  lacastral  epochs  corresponding  to  two  glacial  epochs,  and 
correlates  the  mammalian  fauna  with  the  later  half  of  the  later  Glacial 
epoch.  Presumptively  this  date  falls  very  late  in  the  Pleistocene 
period."  ('^Lake  Bonneville,*  by  G.  K.  Gilbert,  1890,387.)  The  mam- 
malian fauna  referred  to  comprises  an  elephant,  an  otter,  two  horses, 
three  llanuis,  a  deer  of  the  genus  O«r0««,'an  ox,  a  gigantic  sloth,  to* 
gether  witli  three  siiceies  now  living,  namely,  the  coyote,  beaver,  and 
pocket  gopher  ( Thomomys),  No  new  types  came  in  to  take  the  place 
of  those  exterminated ;  hence  we  in  the  United  States  now  live  in  a 
rc%non  de))rived  of  many  of  the  groujis  to  which  it  gave  birth,  and  we 
are  tbi ced  to  visit  remote  parts  of  tlie  earth  to  see  aTiimals  and  plants 
that  once  attained  their  maxinmin  devel(<pnu»nt  in  North  Amenca, 
whih*  others  that  tbrnierly  tionrished  here  are  entirely  extinct.  j 

Not  only  are  tlie  jtre  Pleistocene  animals  and  plants  now  represented 
impei  feetly  and  h\  !j?eatly  reduced  numbers,  but  the  areas  at  present 
inliabileil  by  tln-ir  descendants,  except  in  the  ease  of  the  lioreal  forms, 
are  insignilicant  in  comi»aris(in  with  tlieir  former  extent.  If  shoidd  l»e 
renieinber<'d  tliat  tlie  n  Iri^eraliou  of  the  (ilacial  eijoch  has  only  in  part 
disapi)earcd.  In  (  arly  IMim^ene  times  eharacteristie  representatives  of 
8ub-troi)ical  faunas  and  tloras  existe<i  northward  over  much  of  llu' 
United  States  and  Canada,  a  nil  in  still  earlier  times  reached  the  Arctic 
Circle.*  Durin;;  the  advance  of  cold  in  the  Glacial  ei>och  these  forms 
were  either  exterminated  or  driven  southward  into  the  narrow  tropical 
parts  of  Mexico  and  Central  Americii.   The  retreat  of  cold  at  the  ter- 

Anuiti^'  trr  ns  t'nHfiil  Tentaius  of  msgnoUa,  JWBBafriw,  ttod  IiqDid«ml>«rli«T«  been 

fouud  in  Ureuuluud. 
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luiuatiou  of  this  periotl  wan  not  complete,  and  our  continent  has  never 
regained  its  former  warnitli.  Hence  the  expelled  species  were  not  per- 
mitted to  advance  iiiore  than  a  sliort  distance  into  the  region  formerly 
04^cnpied  by  them,  and  the  tropical  species  have  been  behl  back  and  at 
the  present  <hiy  are  not  found  cx<'<'pt  along  the  extreme  sonthern  roii- 
fines  of  onr  territory.  For  example,  peecaries  in  early  Pleistocene  times 
ranged  northward  over  a  large  part  of  western  Anu-rica,  while  at  pres- 
ent they  are  restricted  to  parts  of  Texa^  an«l  Louisiana  l)elow  the  lied 
IJiver  of  the  South;  and  the  capybaras.  taj)irs,  and  other  tropical  forms 
wliose  fossil  remains  have  been  found  in  juauy  parts  of  tlie  United 
8ta.tes  have  not  been  able  to  retnrn.  The  same  is  true  of  plants;  for 
the  palms,  tree  ferns,  and  numerouR  other  tropical  tyiM^s  that  fornierly 
r$inge<l  over  nuudi  of  our  country,  are  now  either  altogether  extinct  or 
exist  only  in  the  tropics. 

The  llam4i» — and  many  plants — now  i  nhabiting  the  Andes  may  belooke<l 
apon  as  representing  a  class  of  eases  in  which  Boreal  forms  were  driven 
80  tea  south  that  they  actually  reached  the  great  monntain  system  of 
South  America,  and  sprefMl  soathward  over  its  elevated  plateaus  and 
deelivlttos  to  the  extreme  end  of  the  continent  in  Patagonia  and  terra 
del  Fnego.  This  feet  has  been  long  recognized  by  botanists. 

The  i>al»ontologio  history  of  the  earth  shows  that  many  gronps  now 
unknown  came  into  existence  ttom  preceding  groups,  gradually  attained 
a  maximum  development,  and  as  gradually  passed  away;  buttheve  are 
few  leooids  of  breaks  in  the  geologic  series,  or  of  disturbiinces  of  any 
kindikom  the  earliest  appearance  of  life  to  the  present  time,  that  have 
resulted  in  the  destruction  of  so  many  types  as  the  cold  of  the  Gladal 
epoch. 

OONTBOLLING  DISTRIBUTION. 

It  i8  now  pretty  generally  conceded  that  temperature  and  humidity 
are  the  chief  factors  governing  tlie  distribution  of  life,  and  that  tem- 
perature is  more  potent  than  liumidity.  Ilhist rations  of  this  law  have 
been  alrejidy  given  in  contrasting  the  humid  and  arid  ehMnents  of  the 
fcieveral  zones  with  the  zone  eh'uients  as  limite<l  by  temperature,  hikI  it 
hfVvS  been  louiul  in  the  case  of  mammals  and  birds  that  tlie  eflects  ot  t^'m- 
peratui  f,  estimated  numerically,  are  more  than  three  times  greatc^rthan 
the  cHects  ot^  humidity  upon  genera,  and  many  times  greater  upon  the 
higher  gi'oui)s. 

Authors  differ  as  to  the  exact  period  (bu  ing  wincli  temperat  iire  exerts 
the  greatest  iuHuence,  but  there  can  be  little  doul)t  that  tor  both  aiu- 
nials  and  plants  it  is  the  seiuson  of  reproductive  a<-tivity,  and  hence 
varies  inversely  with  latitude  and  altitnrle.  In  high  arctic  latitudes 
tiiis  period  m  very  brief,  while  in  the  humid  tropics  it  seems  to  extend 
over  nearly  if  not  quite  the  whole  year.* 

*  This  was  pointed  out  by  the  aotbor  in  Xo^ttk  Am.  FawiM,  No.  S,  September,  1990, 
pp.  26^  27. 
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Wlietlier  the  temperature  in  quertion  is  the  mean  of  a  certain  period 
or  the  sum  of  the  daily  temx>erature8  for  that  period,  or  the  sum  in 
excess  of  a  certaia  minimam)  expressed  in  degrees  of  thethermometrie 
seale  or  in  calories,  and  how  to  determine  the  precise  beginning  and 
ending  of  this  period  for  each  locality,  are  qneetions  respecting  which 
diffiBrence  of  opinion  prevails ;  and  anthers  are  not  agreed  as  to  whether 
the  temperature  should  be  taken  in  the  sunshine  or  in  the  shade,  or  at  a 
certain  distance  below  the  suffiEM^  of  the  earth.  At  the  same  time  it  has 
been  demonstrated  by  Idnsser  and  others  that  a  definite  quantity  of 
heat  is  required  to  complete  the  process  of  reproduction  in  a  number  of 
plimtsexperimentedupon,— andnatnre^slawsare  not  framed  for  isohited 
casea  This  law  is  taken  advantage  of  by  expert  gardeners  and  horti- 
caltorists  who  are  able  to  so  regulate  the  temperature  of  their  green- 
hoosee  that  they  can  produce  a  perfect  flower  or  a  ripe  fruit  on  a  sped- 
lied  day. 

A  few  species  (portLcnlarly  among  plants)  are  so  sensitive  to  cold 
that  they  are  limited  in  northward  range  by  the  line  of  killing  frost- 
but  in  the  vast  majority  of  vases  the  winter  temperature  is  of  uo  conse 
quencOi  As  I  have  already  shown,  The  season  of  reproduction  for 
the  plant,  as  for  the  animal,  is  the  warm  part  of  the  year.  After  the 
period  of  reproduction  the  plant  withers;  after  it  tiowers  and  fruits 
and  matures  its  seed,  it  dies  down  or  becomes  physiologically  inactive. 
And  what  the  ])lant  aeeomplislu  s  in  one  way  the  animal  accomplishes 
in  another.  To  escape  the  cold  of  winter  and  its  consequences,  the 
sensitive  mainnial  hibernates;  the  bird  migrates  to  a  more  southern 
latitude;  the  reptile  and  batraeliiaii  dig  holes  in  the  mud  or  sand  and 
remain  in  a  torpid  emidititrnj  tlie  insect  sleeps  in  its  eocorni  or  luiries 
itself  under  h'aves  or  decomposing  vegetation;  and  nom  hut  the  har- 
dier forms  of  lite  are  left  to  be  affected  by  winter  temperatures.*'  (X 
Am.  Faunay  No.  3,  September,  1890,  2«,  27.) 

After  temperature  and  hnmidity,  several  subordinate  thougrh  impor- 
tant faetors  remain  to  be  eonsidei  ed.  Amoiig  these  may  be  mentioned 
the  duration  and  actinic  effeets  of  sunlight  (governetl  ia  part  by  per- 
centage of  cloudiness  or  fog  and  by  the  mechanical  jmrity  of  the  atmos- 
phere). The  character  of  the  soil  also  determines  the  presence  or 
absence  of  uniny  .spet  ie^.* 

EFFBCTfi  OV  HUMIDITY  CONTRASTED  WITH  EFFBGT8  OF  TEMPBEA- 

TUBS. 

With  a  few  exceptions  the  Boreal  zones,  owing  to  their  low  tempera- 
twres,  precipitate  sufficient  moisture  to  support  arboreal  vegetation, 
and  do  not  jjossess  arid  arciis.  The  Transition  and  Sonoran  zones,  on 
the  other  hand,  naturally  fall  into  two  important  aubdi visions,  arid  and 

*The  coutrolUug  oansM  of  flbtribution  will  uot  1»u  diauuaiMMl  further  bore  lH>oan9e 
they  MB  the  snbject  of  another  oommanicatioti  npon  which  the  writer  1b  engaged. 
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humid,  as  indicated  in  defining  tbeir  courses.  As  a  rule,  the  former 
consist  of  treeless  plaine,  deserts,  and  barren  moiintiains,  while  the  lot- 
te.r  are  bountifully  clothed  with  forests.  Most  of  the  humbler  forms  of 
vegetation  are  different  in  the  two  sub  divisions,  and  differences  exist 
also  among  the  iiiamjiials,  birds,  and  reptiles,  but  the  great  majority 
of  these  dissimilarities  are  not  of  the  same  kind  as  those  that  distin- 
giiisli  one  zone  from  aiiotlier.  Most  of  tliem  are  sy>fcific,  not  generic, 
and  the  number  of  distinctive  groups  of  iiigh  order  is  very  mneh  less. 
This  may  be  made  clear  by  selecting  the  distinctive  elements  of  the 
arid  Sonoran  (which  has  the  largest  number  of  peculiar  forms)  in  com- 
parison with  those  of  the  humid  Sonoran  (or  Austro-ripai  ian  )  and  con- 
trasting them  uuiuerically  with  the  distinctive  elements  of  the  Sonoran 
as  a  whole  compared  with  those  of  th(^  lioreal  as  a  whole.*  Among 
non-pelagic  mammals  the  arid  Sonoran  has  one  family  {Antilompridw) 
and  only  ten  genera  t  not  known  to  inhabit  the  humid  Sonoran  or  Ans- 
tro-riparian,  and  the  latter  has  but  one  family  {  Dideljyhidw)  and  foia 
genera  Didelpkh,  Onjzomyg,  Scalops,  and  Nyctkejm)  not  found  in  the  arid 
Sonoran  (and  the  fomily  and  one  of  the  genera  are  intrusions  from  the 
Tropical  region),  while  thirteen  fiuniltes  and  twenty-seyen  genera  are 
common  US  both  arid  and  hnmid  snbdivisiona} 

Among  birds  the  arid  Sonoran  has  no  fiimily  and  only  twenty-four 
genera  not  inhabiting  the  humid  Sonoran,  and  the  latter  has  no  family 
and  but  seven  genera  not  found  in  the  arid,  while  twelve  families  and 
thirty-one  genera  are  common  to  the  two  divisions. 

Contrasting  the  Sonoran  as  a  whole  with  the  Boreal  as  a  whole,  it 
appears  that  tliere  are  no  less  than  eight  fomilies  and  forty-one  genera 
of  mammals  and  ten  fomilies  and  about  one  hundred  genera  of  birds 
distinctive  of  the  Sonoran,  and  six  families  and  thirty  genera  of  mam- 
mals and  three  families  and  about  foriy  genera  of  birds  distinctive  of 
the  Boreal  zone.  In  other  words,  takinjx  manmials  and  birds  together, 
the  arid  Sonoran  has  rme  pccoUar  family  and  oidy  thirty-four  distinc- 
tive genera,  and  the  humid  Sonoran  one  family  and  eleven  genera  (of 
which  the  family  {Diilelphidw)  and  several  of  the  genera  are  clearly 
intrusions  from  the  tropical  region),  while  flic  Sonor  ni  as  contnvsted 
with  the  Boreal  hits  eighteen  distinctive  fauiilie,s  and  on**,  hundred  and 
forty-one  distinctive  genera,  and  the  Boreal  has  nine  distinctive  fami- 
lies and  seventy  distinctive  -genera. 

Only  eifjht  families  and  eijxlit  Lrencra  of  manniKiN  are  ectmnum  to  the 
Boreal  and  Sonoran  ici^ions.  I'ln^  comniou  families  are:  CerridWj 
Muridw,  Sciuridifff  LeporidWy  JlmsteluUCf  Canidw,  Felidief  and  iSoricida', 

*Thtt  intrusive  tropic^  genera  are  here  treated  as  Sonoran. 

tTlioso  ^eueraare:  AnfUocapm,  Ci/nomt/B,  Ongchomifx,  Thonumt/M,  mpodomytf  Pero- 

Mirrotl'ipoffripK,  Perognathnn,  lin •'hii rhi-it>t,  imd   i n frnrntt». 
{'l  lie  newly  (li8tovere<l  ;;eniis  of  Cliirxpii  t-a,  hjuderimi.  is  lievo  omitted  because  only 
a  single  specimou  i«  kuuwu,  uud  it  can  not  yot  be  satisfactorily  astugnud  to  itu  proper 
fiinnal  position. 

H.  Mis.  334,  pt.  1  20 
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Tbe oommmon  j^enera  are:  .V/7o/////.s.  Sriurm,  Sciuropt^iis,  Spermophi- 
lu»,  LepttSy  Lutra^  Canis^  and  Lynx.  Several  otbera  inlMit  limited 
parts  of  both  regions,  but  are  not  common  to  these  regions  as  a  whole. 

With  the  possible  exception  of  tlie  gray  wolf,  not  a  single  species  of 
maminiil  langCR  throughout  tho  i^onoraii  niid  Boreal  zonos,  though  a 
number  are  coiniiioii  to  the  Upper  Soiioran  jhkI  Lom«m'  lioreal  (Caua- 
dijnH;  mthI  in  the  case  of  the  wolf  it  is  almost  certum  that  comparison 
ot  specnneiis  will  show  the  animal  of  the  southern  United  Sfatvs  aiul 
Mexico  to  be  perfo<'tly  distinct  from  that  of  Arctic  America.  1  he 
ermine  is  another  species  of  exceptional  thouf;h  less  extensive  range, 
if  it  is  really  true  that  the  weasel  iuh  il  it  in;r  tiic  shores  and  inlands  of 
the  Polar  Seii  is  speciflcaliy  identical  with  that  found  in  the  n  l  e  ele- 
vated parts  of  the  Southern  States, — an  assumption  i  can  not  lor  » 
moment  enterUun. 

In  the  case  of  laud  birds,  eighteen  genera  are  c(>nimuii  to  tlie  Boreal 
and  Sonoran  regions.  The  number  of  common  families  is  relatively 
large  as  would  be  expected  from  the  wid<*  dispersal  of  most  taniiliesof 
birds.  For  instance,  the  Turdidw  or  thi  ushes  inhabit  North  and  South 
Ameiica,  Eurasiaf  Africa,  India,  and  Australhi ;  the  ParMtr  or  titmice 
inhabit  North  and  South  America^  Enrasiay  Africa,  India,  Australia, 
and  New  Zealand;  the  Cinelidw  or  dippers  inhabit  North  and  South 
America,  Eurasia,  India,  and  the  Austro-Malayan  region;  the  Trogh- 
dfftida  or  wrens  inhabit  North  and  South  America,  Eurasia,  India, 
Africa,  and  the  Austro-Malayan  region ;  the  Corvidm  or  crows,  magpies 
and  jays,  are  found  in  every  part  of  the  world,  and  so  on. 

Ifumber  o  f  digtinctin  fdmlHi  'i  ami  {/nurn  of  .)fammaln  and  fSinh  of  the  arid  Sottoran 
romparcd  wifh  th/-  httmid  Honoran,  and  of  ike  /ionorw  a«  a  whole  oompar^  tcitk  Ikt 

Jloreal  an  a  u  hoU\ 


I      Mannnalj.  Binto.  ToUl. 


runlly.  I  0«iim.   Family.  ^  R«(iic<r».  !  Pjuuily. 


Arid  Soiioraii  diHtinguinhtMl  frum  butnid 

SoDorra  by  ...j  1  10  '  0  24  I  |'  "  M 

Hiunld  ScmovM  dlalln^tolwd  fmm  arid  >  ^ 

Souoran  by   1  I  4  .  0  7  1  IT 

CommoD  to  both  arid  and  humid  hodo  ■  ' 

rau   13  £1  \  n  31  2i  M 

SoBOfMi  M  *  wbol*  di«tingni*b*d  fton  ! 

Boreal  by   %  Ml  |  10  1         100  1«  j  lU 

Bnival  a«  a  whole  dintiofniishrd  frntn 

Suuumui  by  

Comiuoo  to  Boreal  and  Sononui  ,  g   18 


I 


I 


Suuumui  by   u  f:io  3  40  9  ^  70 
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Descending  to  the  species  tlie  contrast  is  even  more  loai  ked. 


Digitized  by  Google 


QEOGRAPHIC  DISTRIBUTION  OF  LIFE  IN  NORTH  AMBRIOA.  403 


The  above  table  shows,  so  far  as  the  genera  of  mammals  aud  birds 
are  concerne<l,  that  the  difterence  between  tho  Immid  ''Atlantic"  or 
**Eastem  proviiipp"  on  the  one  li;in<l,  and  tlie  arid  Great  Phiins  and 
Great  Basin  on  the  other,  is  less  tlian  one-fonrth  as  great  as  the  difler- 
ence  between  the  Sonoran  and  Boreal  regions. 

These  facts,  it  seems  to  me,  should  sutlire  to  establish  beyond  dispute 
thesabordinate  part  played  by  humidity  in  comparison  to  temperature, 
and  Bhoald  dispel  any  lingering  doobts  that  may  still  haant  the  minds 
of  conservatiTe  nataralists  respecting  the  necessity  of  abandoning  the 
long  aooepted  division  of  the  United  States  into  Atlantic^  Central,  and 
Paeifie  provinces. 

SSMABKS  OONOBBNING  BOMB  OF  WALLAOS'S  8TATBSEBNT8, 

Wallace,  in  his  great  wojIc  oh  ireographic  distribution,  and  in  snb- 
seiiuent  writings  on  the  same  subject,  greatly  under  rates  tlir  impor- 
tance of  temperature  as  a  factor  in  determining^  the  distribution  of  Hfe. 
He  lays  <;reat  stress  ui)on  the  dissimilarity  of  tlie  faunas  and  floras  of 
parts  ot  Africa,  South  America,  and  Australia  lying  in  the  same  lati- 
tude, and  calls  particular  attention  to  the  circumstance  that  although 
the  climate  may  be  identical  over  these  widely  separated  areas,  the 
species  and  higher  groups  are  totally  distinct,  because  the  regions  have 
been  disconnected  since  early  geologic  times, — as  if  these  facts  were  not 
self-evident.  _  On  the  otb^  hand,  in  mngle  continental  areas  where 
there  is  no  break  or  barrier  of  any  kind  between  widely  diflferent  fiinnal 
sonee,  he  tries  to  invent  some  niinatnral  reason  for  the  differences 
observed,  and  is  reluctant  to  admit  that  even  in  these  cases  climate  or 
climatic  conditions  can  constitute  the  barriers  to  dispersion  that 
undoubtedly  exist.  He  says  of  climate:  ^<  Probably  its  action  is  indi- 
rect, and  is  deterndned  by  its  infloence  on  vegetation,  and  by  bringing 
diverse  groups  into  competition.^ 

In  another  place  he  states :  Hot  countries  usually  differ  widely  tcom 
cold  ones  in  all  thdr  organic  forms;  bnt  the  difference  is  by  no  means 
constant,  nor  does  it  bear  any  proportion  to  difference  of  temperature. 
Between  frigid  Canada  and  sob-tropical  Florida  tber(^  are  \(m  marked 
differences  in  the  animal  productions  than  between  Florida  and  Cuba 
or  Yucatan,  so  much  morealike  in  climate  and  so  much  nearer  together.'* 
He  states  further:  *'The  eastern  United  States  possess  very  peculiar 
and  interesting  plants  and  animals,  the  vegetation  becoming  more  lux 
nriant  as  we  go  south,  but  not  altering  in  essential  character;  so  that 
when  we  reach  the  southern  extremity  of  Florida  we  still  find  ourselves 
in  the  midst  of  oaks,  suma<'s,  mainiolias,  vines,  and  other  eharac- 
teristic  forms  of  the  tempernte  tlora:  while  the  birds,  insects,  and  land- 
shells  are  almost  identical  with  those  found  farther  north.  Bnt  if  we 
now  cross  over  the  narrow  strait,  about  50  miles  wide  wliieh  separates 
1;  iorida  from  the  Baliama.  itilauds,  we  Hud  ourselveii  m  a  totally  dif- 
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ferent  country,  siirrounfled  by  a  vegetation  whieb  is  essentially  tropical 
and  generally  identiciil  witir  that  of  Cuba.  The  chauue  is  most  strik- 
ing, becawse  there  is  no  dillerence  of  climate,  of  soil,  or  api)areutly  of 
position,  to  aiM'onnt  for  it."    {Tshtnd  Li/r,  18^>(),  p.  5.) 

Let  us  exaiJiine  this  stat^'meiit  with  souio  care  to  see  if  the  facts  war- 
rant the  assertions  auti  com  liisioiis  of  the  aiitlior.  But  fir.st  let  me 
])rotest  aj^aiiist  Wallace's  habit  of  coutrastinf^  insular  faunas  with  tlio.se 
of  continuous  land  area,  in  his  efforts  to  minimize  the  effects  of  <  liniatt*. 
In  most  cases  the  great  majority  of  forms  peculiar  to  an  island  ha  v  e  no 
means  of  reaching  the  nearest  oontinaous  land,  but  in  the  present 
instance,  as  wiU  be  shown  later,  the  proximity  of  Cuba  and  the  Bahamas 
to  Florida,  favored  by  the  direction  of  the  Gulf  Stream  and  the  preva- 
lence of  hnrricanes  blowing  from  the  Antilles  to  the  peninsala,  have 
enabled  a  mnltitnde  of  West  Indian  plants,  insects,  birds,  and  even 
land  shells  to  reaeh  sonthem  Florida,  though  the  breadth  of  the  strait 
is  an  effeetive  bar  to  the  passage  of  terrestrial  mammals  and  reptiles. 

Wallace  boldly  tells  na,  without  attempt  at  qualificsition,  that  be- 
tween frigid  Canada  and  sub-tropical  Florida  there  are  less  marked  dif- 
ferences in  the  animal  productions  than  between  l^lorida  and  Cuba." 
Frigid  Canada,  in  eastern  North  America,  is  the  home  of  the  Eskimo, 
polar  bear,  musk  oze%  reindeer,  lemmings,  marmots,  beavers,  musk-rats, 
porcupines,  wolverines,  sables,  shrews,  star-nosed  moles,  and  several 
other  mammals,  comprising  in  all  twenty  genera,  not  one  of  which 
occurs  in  southern  Florida.*  Florida,  on  the  other  hand,  is  inhabited  by 
opossums,  harvcst>mioe,  ric^-field  mice,  cotton  rats,  wood  rats,  i)oeket 
gophers,  gray  foxes,  spotted  skunks,  big-eared  bats,  and  other  forms, 
representing^  thiiteen  genera  and  Jive  families  of  nianunals  that  do  not 
occm'  in  frigid  Oana<Ia.f  In  the  case  of  birds,  eastern  Canada  has 
twenty  six  genera  that  do  not  reach  Florida,  among  which  may  be  men- 
tioned ptarmigans,  grouse,  rough-legged  liaw  ks,  golden  eagles,  great 
gray  owls,  snowy  owls,  Acadian  owls,  haw  k  o\s  Is,  three-toed  wtM>d peck- 
ers, Canjwla  jays,  pine  bullrtnches,  cross  bills,  linnets,  snow  buntings, 
titlarks,  winter  wrens,  kinglets,  and  stone  chats,J  while  Florida  has  at 

*  The  following  twenty  gmera  of  mammals  inhabit  eastern  Canada,  but  nooe  of 
them  reach  southern  Florida:  RtMg^«r,  Akt^  (hnbat,  TamMi$,  Spernu^pMhut,  Jrvloaift, 

Castor.  Fiber,  Jrvirola,  Erotomi/s,  I'heuacom^n,  Mgaitfff  CnnUmhu,  £qpM$,  SretkiM9»t 
Thalarctos,  (iulo^  Mtt^lt^n,  Condylura,  l^ctipann)t.  Snrer. 

tTho  lollowiug  thirteen  genera  of  lutuuinalM  inhabit  Florida,  l»ut  none  of  th«?m 
reach  ''frigid  Canada:''  JHtklphin,  ReUhrodtntomytf  Oryzomyf,  Sigmodon,  XeotomUf 
Geomfg,  Uroegon,  Proq/enf  JS^hgaU,  CotjfnorMniu,  IfffeUo^iM,  JVj^fjaomiw,  Otojftenw. 
The  five  fiftodlies  are:  Diddphida,  OmifidtBt  iVooyonlifo,  EmbaOomtridfigf  PAyZlotto- 
matuhr. 

rrbe  following  twenty-six  generu  <»f  binU  breetl  iii  eii«t«rn  C  anada,  but  uone  of 
them  in  Florid*:  DendragapWf  Botuua,  Lagopus,  Jrchibuteo,  Aquila,  Scoiiapiejc,  Xyc- 
tala,  yjfetea,  Swmta,  PifsoldM,  J^Afrajneir*,  PerUmm;  Jhlk^px,  Fitdtokif  ZoHa, 
Jcanthis,  PUxtrophcMx,  CalcaHut,  ZoHotriehia,  J«mo,  Posmlte,  ^nllhiM^  AncrAmra, 
C^nkiOf  ^uluBt  Saioioola. 
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least  thir(y*BeT0n  genera  iluit  do  sot  Feach  Canada^  amoug  which  are 
quaUfi,  turkeys,  doves  ot  several  genera,  vnltares,  oaracaras,  kites,  bam 
and  burrowing  owls,  parrots,  anis^  ivory-billed  woodpeckers,  chack- 
wills-widows,  cardinals,  blae  grosbeaks,  yellow-breasted  chats,  mocking 
birds,  and  otiiers.* 

Thirty  out  of  the  above  thirty-seven  genera  breed  also  in  the  West 
Indies. 

Ko  less  than  nine  tropical  American  genera  of  birds  inhabit  the  snb- 
tropical  belt  of  Florida,  namely,  Zeiuiida,  Oeoirygonf  8tarnmna$,  Bos- 
frhamWyPohflwrus^  Cnttophaga^  JEueUtekif  OaUiehelidan^  andCcerefta.  The 
following  Antlllean  species  and  sub-species  occnr  in  the  same  area  and 
are  not  known  from  any  point  farther  north:  CoHnua  virginianm 
eubanentis,  Columba  leucoe^hala,  Zenrndaaenaidaf  GeatrjfgMmartimea^ 
Stameauu  eyanocephala,  Roatrhamm  todabilisj  Falco  flomtmcefMit, 
Speot/jfto  emimlaria  florulana,  Polyhorm  cheriicay,  Croiophana  rt»t, 
Coccyzus  minor  majfiiardif  Agelaiiu phwniceus  bryanfi,  Enetheta  bicolor, 
£uetheia  nanora^  Prof/ne  eryploleuca,  Petrochelulon  flava^  CnlllvhelUlon 
eymoviridiSy  Vireo  aUUoqum  barbaiulwtf  Ckereba  baJiamensu,  In  addi- 
tion to  these  species,  the  following  are  restricted,  so  f;n-  \ih  known,  to 
southern  Florida:  Mcleagrk  galloparo  oHceola,  (JhordeiUtf  virgintanm 
chapmaniy  Cyanoeitta  crhtaia  florincola,  Ammodramus  nigrescenn,  Vireo 
novtboracemis  maynardi^  Gcothlj/pis  trichas  ignofa,  Thryothorm  ludovi- 
eiamts  miamensis,  Ci&tothorus  mariamv^  iSiftu  caroUnemiH  atkinsi. 

That  there  are  corresponding  dilierences  among  insects  is  (>\  ideut 
from  an  important  paper  by  Mr.  E.  A.  Schwarz  on  the  Iii^^  ( t  F;iiiiia  of 
semi-tropical  Florida.  IN! r,  Sclnvarz  states:  "T  have  come  to  (  he  i-nw- 
cJusion  that  it  (the  semi  tropical  fauna  uf  Florida)  is  eutireiy  ol  W  vst 
luduiu  origin,  and  that  the  ref^ion  I  shall  hereafter  circumsrribc  as 
semi-tropical  Florida  does  not  coutain  any  endemic  forms.  In  ntlu'r 
words,  the  distinctive  fauna  of  sonthern  Flond  f  is  a  jaM  inanenl  i  oioiiy 
of  West  Indian  formn,  mmrli  mure  numerous  in  spetaes  than  it  has 
hitherto  been  supposed,  the  u  umber  in  Coltoptem  alone  aTnonnting^, 
according  to  a  very  low  estiniit'  based  upon  my  collection,  to  at  least 
three  hundred  species  not  yet  in  our  catalogues."  {EnUmoloyka 
Anitricana,  iv.  No.  0,  1888.)  8ince  the  above  was  publishetl,  Mr. 
Schwarz  has  had  the  kindness  to  inform  me  that  this  semi-tropical 
insect  fauna  of  southern  Florida  comprises  iu  all  not  less  than  one 
thoosand  species  of  West  Indian  or  Antillean  insects  (of  which  abont 

*  The  following;  thirty-seven  (j-enera  of  liirds  breed  in  Florida,  l)ut  iiono  of  tliem 
ratine  uorth  to  frigid  Uaiuida,"  tliou^di  thirty  out  of  thtj  thirty -scAcn  are  k>iown  to 
bre(*<l  iu  the  W'eat  IiiiUes:  Volinitu,  Mt  ieuf/Hs,  Volumba,  Zmaidura,  ZmaiUu,  Columbi- 
galUnOf  Qeotrygon,  StanueuMf  Catkwitif  CatkarUta,  EtanoUlM,  JBkmuif  /cfiititf,  J7««- 
Irhtuiai*,  PolifhcrvUf  Arix,  SptoijftOf  CoHwu9f  OofopAa^,  Campepkilug,  JntroatomtUf 
Aphehicnmn,  Icterus,  Vfuma,  Pipilo,  Cardinaliit,  Gniraca,  Eueiima,  Certhiola,  I'rotona- 
tariOt  JU«limia,  JSdnUherutf  ioteriaf  MimM,  MarporkjfnehM,  Tkryotkitrm,  F»lioptila, 
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half  are  CuU  optera),  and  lifty  genera  ot  Coleoptera  and  Heteropt^a 
alono:*  lifiico  thf  t<it;il  number  of  gcnt'ra  must  liovory  considerable. 

Anion^  llie  Molliisca,  Dr.  William  11.  Dall  luiuiiiis  iiic  that  tvveuty 
N])i*ci«'s  <»i  spccilic  types  of  Antilleau  land  slwlls  are  known  to  inhabit 
K«>utliem  Fluridik,  representing  thirteen  genera  or  sub  genera  not  louud 
farther  north.f 

80  far  as  vegetiitiou  is  concerned  the  case  is  even  stronger,  there 
beinjr  upward  of  three  hundr»'(l  and  fifty  genera  of  filanta  in  Florida 
that  do  uut  inhabit  Canada;  and  Prof.  Charles  S.  Sargent,  in  spe^kiu^; 
of  the  trees  of  southern  Florida,  states:  *'A  group  of  arborescent 
species  of  West  Indian  origin  oci  upies  the  narrow  strip  of  coast  and 
islands  of  southern  Florida.  •  •  •  This  semitropteal  forest  bdt 
reaches  Oaiie  Malabar  011  the  east  coast  and  the  shores  of  Tampa  Bay 
on  the  west  coast.  -  -  -  The  species  of  which  it  is  composed  here 
reach  the  extreme  northern  limit  of  their  distribntion;  they  are  gener- 
aUy  small,  stunted,  and  of  comparatively  little  value.  Certain  species 
however  attain  respectable  proportions:  the  mahogany,  the  mastic, 
the  royal  palm,  the  mangrove,  the  sea  grape,  the  Jamaica  dog-wood, 
the  manchineel,  and  other  species  here  become  eonsidmble  and  impor- 
tant trees.^   (Forests  o/Korih  Americaj  Tenth  Census,  1884,  p.  6.) 

From  what  has  been  said,  it  appears  not  only  that  Wallaces  state- 
ment that  ^  between  firigid  Canada  and  sub-tropical  Florida  there  are 
less  marked  differences  in  the  animal  productions  than  between  Florida 
and  Cuba  "  is  wholly  incorrect,  but  that  there  exists  iu  Florida  a  well- 
marked  sub-tropical  founa  and  flora  consisting  iu  the  main  (except  in 
the  case  of  terrestrial  mammals  and  reptiles  which  could  not  reach  it) 
of  genera,  and  largely  of  species,  identical  with  those  of  Cuba.  This 
being  the  case,  is  it  not  fair  to  turn  the  tables  and  ask  Wallace  what 
const-ituti's  the  barrier  that  so  effectually  holds  hiu  k  hundreds  of  genera 
and  a  nmltitnde  (►f  species  of  Antilleau  or  tropical  American  plants, 
insects,  laud  mollusks,  and  birds  now  inhabiting  sub-tropical  Florida! 

'  Mr.  hichwans  has  kindly  given  mb  the  following  liet  of  fiuniliee  of  Centnl 
Americiin  Coleopterft,  indicating  the  nnmber  of  genera  in  each  family  known  to 
Inhabit  aemitropieal  Florida,  l>ut  not  found  elsewhere  in  North  America :  Carabida, 

2  genf-rn ;  I'hahnTido;  1'^  CoccinrUidn',  1;  C'ucujid/f\  \  ;  Miji  i  tojihuijuhr  1;  Fhiterida. 
1;  Svamhtvida', 'I'j  Ctniiiibtfcido; 't;  ('hryxonitlidn,  A  ;  JeHtl/rionidti  ,'J;  .y<jnt>mmida-,  i; 
Otioihii»diUlu',  1;  CuicalioHida .  ti;  Jirfuthida-jl  [this  is  the  uuly  genua  which  reap- 
pean  at  Gape  San  Lucas] ;  Calondridee,  3;  SeolptUhef  S;  JutkriMa,  3.  He  infoma 
me  alao  that  11  genera  of  tropical  American  Heteroptera  haire  been  fonnd  in  the 
sanu'  l»clt. 

i  T\u'  foriiiiH  hen  nL  rred  toan^:  .^troltih  huhhnrdii  iirown;  Helir  cffca  Uelix 
variane  Mke.;  JJuIuuhIus  multiliiuatmi^ny ;  HuliiHuiun  dormani  W .  {.i.  13.;  OrtkalUiu 
undtttu*  Bmg;  Lignm  fasdtUut  Miiller;  Liguu9  fatdaUu  Tar.  ^enogyra  graeSUim» 
PAr. ;  Sttnogj/ra  wbula  Pfr. ;  Macroctramut  gown  Pfr. ;  Jfocroamumw  jiralt^lettt  Old. 

(also  omirH  in  Texas);  Strophia  incaita  Hinn. ;  Auricula  pettucene^^i'. :  TraJla  minnf- 
cula  l)all;  Mthnnpun  (IhfrarJn)  hulloidix  Mont.;  Ptdipe)*  mirabilii  MahU, i  Ttdip^ 
vlottyatuti  Dull;  rianorbis  tumidutt  Pir. ;  Hj^higiium  cabrNte  Morelut. 
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The  deep  arm  of  ocean  between  Florida  and  Cuba  or  the  Bahamas  Ua.s 
provetl  iueti'ectual  in  (.bet'kiuji  their  dispersiou«.  What  is  the  more 
potent  barrier  that  prevents  their  northward  spreatl  along  the  coiitinu- 
onslandof  the  peninsnlaf  The  answer  iK  sumnied  up  in  the  Mingle 
word  dimate.  Tlie  temperature  of  the  period  of  growth  and  leprodac- 
tion  in  the  northern  parts  of  Oitba  and  the  Bahamas  is  the  same  as  ia 
sab-tropxeal  Florida,  but  to  the  northward  it  falls  off  rapidly. 

Jiespecting  WalUioe^s  statement  that  the  diiferenee  between  the 
fitODas  and  floras  of  hot  and  cold  countries  **i8  by  no  means  oonstant,*' 
and  does  not  bear  <*any  proportion  to  difference  of  teuiierature,''  it 
need  only  be  said  that  no  phenomenon  of  nature  is  more  constant;  and 
that  the  differences  observed  depend  directly  opon  temperature.  Presi- 
dent D.  S.  Jordan  has  said:  *'ln  many  groups,  anatomical  characters 
are  not  more  profound  or  of  longer  standing  than  are  the  adaptations 
toheatand  cold. "  {Papular  Seienoe  Monthljf, Aug.,  1890,  zxxyii,  p.  508.) 

That  ^<life  is  distributed  in  circnm-polaar  zones,  which  conform  with 
the  climatic  ssones,  though  not  always  with  the  parallels  of  the  geog- 
rapher^'is  a  law  recognized  by  Humboldt,  Wagner,  A  gassis,  Dana, 
I)e  Caridolle,  Allen,  and  nearly  all  writers  on  distribution  except 
\VaUace.  Iliislaw  doe8  not  imply  that  the  same  species,  genera,  or 
higher  groups  leenr  under  the  same  degree  of  heat  in  disconnected 
land  areas — a  manifest  impossibility, — but  that  well-marked  zones  of 
animal  and  plant  life  are  encountered  in  all  parts  of  the  earth  in  pass- 
ing from  the  poles  to  the  tropirs:  that  they  owe  their  existence  to  con- 
stant differences  of  temperature,  and  that  in  roittinnons  land  areas 
each  zone  may  be  traced  coinpk'tcly  across  such  areas  (from  ocean  to 
ocean  in  those  of  continental  magnitude),  following  the  windings  of  the 
belts  of  equal  temperature  during  the  i>eriod  of  re])rodnctive  activity. 

Wallace  speaks  thus  of  this  law  as  lonnulaled  by  Allen:  *'The 
author  (J.  A.  Alleu)  continually  refers  to  the  *law  of  the  distribution 
of  life  in  circum  iM>lar  zones,'  as  if  it  were  one  jeenerally  accepted  and 
that  admits  of  no  dispu  te.  But  this  supposed  '  law '  only  applies  to  the 
smallest  detail  of  distribution — to  the  range  and  increasing  or  decreas- 
ing numbers  of  species  as  we  pass  from  north  U)  soutli,  or  the  reverse; 
while  it  has  little  bearing  on  the  great  features  of  zoological  geogra- 
phy— the  liiiiitations  of  groups  of  genera  and  families  to  certain  areas." 
[Geoy.  DhUof  Animuhy  1870,  vol.  i,  p.  67.)  Mr.  AUen  has  already 
pointed  out  the  weakness  of  this  criticism  {BuU,  U,  8*  0€oi,  and  Oeog, 
Survey  Terr,,  May,  1H78,  vol.  iv,  No.  2,  326),  and  I  would  like  to  add  a 
word  respecting  the  extraordinary  statement  that  ciroum-polar  distri- 
bution affects  species  only,  having  *4ittle  bearing"  on  the  limitations 
of  groups  of  genera  and  families."  In  refhtation  of  this  foUacy  it  is 
hardly  necessary  to  do  more  than  call  attention  to  the  circumstance 
that  the  trans4M>ntinental  Sonoran  region  of  North  America  is  distin- 
guished from  the  Boreal  by  the  possession  of  seven  families  and  thirty- 
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four  genera  of  mammaiB  alone,*  and  the  Kortb  American  Tropical  from 
the  Sonoran  by  ten  fiunilies  and  upwards  of  fifty  genera;  while  the 
Amerieau  Boreal  differs  from  the  Eurasian  Boreal  by  the  possession  of 
but  a  single  family  and  only  eight  genera.  ^ 

MOUNTAINS  AS  BABRIEBS  TO  DISPERSION. 

Wallace  makes  the  siurprising  statement  that  on  the  two  sides  of  the 
Bocky  mountains  in  America  **almo»t  all  the  mammalia^  birds,  and 
insects  are  of  distinct  Bpecie8,"t — a  statement  that  is  wholly  nntrae,  as 
has  been  long  known  to  American  naturalists*  In  another  place  he 
makes  the  general  statement  that  mountains,  when  rising  to  a  great 
height  in  unbroken  ran^jos,  form  an  impassable  barrier  to  many  groups.'^ 
No  instance  of  this  kind  is  known  in  Noi1^  America.  Even  in  the  high 
Sierra  in  California  nearly  all  of  the  families,  genern.  and  species  occur 
on  the  east  slope  as  well  as  on  the  west,  notwithstanding  the  .ureal  alti- 
tude this  lofty  range  maintains  for  a  considerable  distanpct  The  exjila- 
naUon  of  the  similaritj'^  or  identity  of  the  species  on  the  two  sides  of  all 
our  mountain  systems  is  that  similar  or  identical  climatic  zones  occur 
on  both  sides,  between  which  avenues  of  communication  exist  or  have 
existed  by  means  of  i)asses,  either  tlirough  the  ranges  themselves  or  at 
one  end  or  tlic  other.  In  their  continnity,  however,  lofty  mcmnta in 
ranges  do  act  as  barriers  to  tlie  spread  of  species  from  lower  levels,  bat 
they  do  so  indirex^tly  by  their  elfects  ui>oi»  <  limat<' — by  interposing  an 
arctic  zone  in  which  the  species  oflower  latitudes  can  not  live.  On  the 
other  hand,  this  same  arctic  aii)nit  climate  enables  many  jxdar  species 
to  thrive  in  reirions  two  or  three  thousand  ndles  south  of  their  normal 
continental  h«»iiies. 

The  p'cat  Himalaya  has  little  or  no  iniluence  in  bringing  about  the 
really  enormous  dilierences  that  exist  between  tlie  faunas  and  tlmas  of 
the  plains  on  its  two  sides,  lor  these  dissimilarities  are  due  primarily  to 
the  great  difference  of  temperature  restilting  from  unetpial  base  level, 
the  Thibetan  plateau  on  the  north  being  several  thousand  feet  higher 
than  the  plain  on  the  south. 

THE  SO-CALLED  EASTERN,  CENTRAL,  AND  WESTERN  PROVINCES  AN1> 
THE  £VID£I<CE  ON  WHICH  THEY  ARE  BASED. 

Wallace,  in  common  with  most  recent  writers,  divides  the  United 
States  into  eastern,  central,  or  Bocky  mountain,  and  Pacific  of  Oali- 

*  These  geucr;i]ai'o :  DidelphiH,  D'wotyUn,  I'ariacm,  AHtilorapra,  Ct/nomji^,  Ri-ithrodoH' 
tomifii,  (htychumya,  Oryzomyn,  Sifjmodon,  Xeotoma,  GcomtfH^  Thomom.if»,  Ihpodomyi, 
PerwKpua,  MierodipotU^f  Ferognaihutf  HHrromfft,  FItlSSf  Croe^f  Ptoejfmtf  BaauiritaUf 

Aiiirosotu,  Kyctirt'juH,  .)/o/o»*m«,  Xycthiomous,  ami  Otopfents.    Five  of  tliejws  grTipm 
havi-  each  a  species  r»'a«'bin{{  a  short  <listaii<'«>  into  tlie  mmtlifrn  edge  of  the  Boruil 
region,  namely,  CariuoM,  \eoloma,  Fdis,  Proryuti,  and  Mephiti/f. 
tGcog.  Di4t.of  Aiiini«l»,  187ii,    p.  6. 

tFor  3SS0hilomet»fS  (200  milee)  the  Sierra  Nevada  iiiutm tains  inaintaiu  an  eleva- 
tion  of  3,100  to  4,600  metera  (12,000  to  15,000  feet). 
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forDian  '^sub-regie  >us.''  He  admitii  that  the  eastern  division  is  character* 
ized  by  but  a  single  manunaliaii  geuus,  namely,  the  star-nosed  mole 
{Condylura), 

In  ohaTacterizing  the  so-called  central  or  Bocky  mountain  8ub<re- 
gion,  he  states  that  the  prong-homed  antelope,  the  mountain  goatf  the 
tlie  mountain  sheep,  and  the  prairie  dog  are  peculiar  to  it,  forgetting 
that  the  antelope  ranges  from  the  Mexican  plateau  northward  over  the 
Great  plains  and  Great  basin,  and  westward  over  much  of  Caliibmia; 
that  the  mountain  goat  inhabits  British  Columbia  and  the  Cascade 
range  as  well  as  the  Bocky  mountains;  that  the  mountain  sheep  is 
common  in  the  High  Sierra  in  California  and  ranges  northward  to  the 
Arctic  Circle  in  Alaska;  leaving  the  prairie  dog  as  the  only  one  con- 
fined to  the  region. 

The  Pacific  or  "  Californian  sub-regiou  "  he  definos  an  "  the  compar- 
atively uarrow  strip  of  country  between  the  Siena  Nevada  and  the 
Pacific.  To  the  north  it  may  inchide  Vancouver's  Island  and  the 
southern  part  of  British  Columbia.^  Under  the  head  of  the  mammalia 
of  this  area,  he  enumerates  eight  genera  as  not  found  in  any  other 
l>art  of  the  Nearctic  region,"  namely,  Macrotm^  Antrozom,  UroirichuH, 
yeosor*'j\  Jiamirix,  Enhydra^  Morttuffay  and  Haploodon.  A  more  eiro- 
neons  statement  could  hardly  be  made.  Of  the  two  pelagic  genera, 
Montnga  and  Enhijdra  f=  Latax  ],  the  former  does  not  t'litei-  the  region 
at  all  and  the  latter  l»;irelv  readies  it ;  while  of  tlie  iion-pelagie  genera 
three,  Mmrrotuii  (=  otoptcn(x\.  Antrazoinsj  and  Brnftarh  [=  Bamt- 
risctts],  range  over  the  Stiuoran  regum  from  Texas  and  the  Mexican 
plateau  across  New  Mexico,  Arizona,  and  parts  of  southern  Nevada 
and  (  alifuruia,  and  the  sub-genus  Xeosorejc  occurs  over  pretty  nuieli 
the  whole  of  Boreal  America  from  the  Atlantic  to  the  Pacific.  The 
two  remaining  genera  only  are  cxmline<l  to  the  Caliloi  liiau  division, 
namely,  Crotriihiis  [  =  XcinoirichuM]  and  Haploodon  \'==Aplodontia\, 
Both  are  isolated  types,  iuliubiting  the  I*aciftc  coast  country  from 
n(»rthern  California  to  British  Columbia  (the  latter  having  no  near  rela- 
tive in  any  part  of  the  world,  the  former  closely  related  to  genera  now 
living  in  eastern  Asia). 

Hence  it  appears,  so  far  as  the  mftmmAii^  are  concerned,  that  these 
three  supposed  primary  subdivisions  of  North  America  rest  upon  a 
misconception  of  fact,  the  Californian  division  x)os8e88ing  two  peculmr 
genera,  and  the  eastern  and  central  divisions  but  a  single  peculiar 
genus  each, — a  quantity  of  difference  it  would  be  absurd  to  recognize 
as  of  sufficient  weight  to  warrant  the  erection  of  zoo-geographical 
divisions. 

In  a  communication  already  referred  to  (Nurih  American  Fauna,  No.  » 
3,  September,  1800)  I  stated  the  conclusion  that  the  commonly  accepted 
division  of  the  United  States  into  eastern,  middle,  and  western  prov- 
inces had  no  existence  in  nature,  and  that  'Hhe  whole  of  extra-tropical 
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North  America  (the  Nearctic  region  of  Sclater  and  Wallace)  consiate  of 
but  two  primary  life  regioBs;  a  boreal  region,  which  is  cirenmpolar, 
and  a  Bonoran  or  Mexican  table-land  region,  which  is  unique.^  The 
so-called  eastern  province  is  mainly  of  Sonoran  derivation,  comprising 
the  humid  divisions  of  the  Lower  Sonoran  and  Upper  Sonoran  sonea 
(Aostro-riparian  and  Carolinian  faunas),  and  of  the  transition  or  neutral 
belt,  commonly  known  among  ornithologists  as  the  Alleghanian  fituna. 
It  contains  also  a  southward  extension  of  the  boreal  region  along  the 
Appalachian  mountain  system,  mainly  in  the  form  of  isolated  islands. 

The  so-called  central  region  in  like  manner  is  made  up  of  a  southward 
extension  of  the  boreal  region  along  theBocky  mountain  plateau,  indosed 
between  two  northward  prolongations  of  tlic  arid  Sonoran,  the  one 
o(;i'upying  the  Gvent  plains,  the  other  the  Great  basin. 

The  8<>-(?alh'd  Pa<'iti<;  or  westeni  ]>roviiice  consists  of  a  Hon th ward 
extenmon  of  the  boi  (':i1  region,  which  finally  ]>ifhrcates,  sending  a  long 
arm  south  over  the  Cascade  range  and  the  Sierra  Nevada^  and  a  sec- 
ondary and  shorts  armidong  the  Pacific  coast,  north  of  San  FraDcinco, 
together  with  a  Sonoran  elemetit,  which  covers  nearly  the  whole  south- 
ern i»art  of  the  state,  and  reaches  north  in  the  San  Joaqnin  and  Sacra- 
mento valleys. 

PAJL^AKCTIC  AND  NEARCTIC  REGIONS. 

It  is  no  part  of  the  purpose  of  the  present  address  to  discuss  the 
distribufion  of  life  outside  of  our  own  continent,  but  it  so  happens 
that  the  Boreal  element  in  America  resembles  that  of  Eurasiaso  closely 
that  in  the  jud^ent  of  many  eminent  autliorities  the  two  constitnte 
but  a  single  primary  region,  a  vlevr  in  which  1  lit  artily  concur.  This 
arrangement  is  antagonistic  to  that  pro])osed  by  S(  later*  in  1837,  and 
adopted  with  slight  modification  by  Wallace.  Sclater  considers  the 
whole  of  oxtra- tropical  North  America  as  constitutiujr  a  single  regrion, 
upon  which  he  bostowpd  the  naino  Xfareftr,  in  contra-distiiirtion  to  the 
correspondin^r  pju  t  ot  Eurasia,  which  he  named  JPaltViirctiCf  believing 
the  two  to  hv  distinct  prinnn  y  re^rions. 

\V;il];ice,  the  great  champion  of  Selater's  Pahi^are^e  and  Nearrtic 
re^^iouii,  says  of  the  former  in  his  mo«t  recent  work  on  j^eitf^raphic  dis- 
tribution: Taking'  first  the  matmnalia,  wc  tiiid  this  le^iou  is  distin- 
guished by  it^  po«s<'ssio!i  of  the  entire  fannlyof  Ta1pid(e  or  Moles,  con- 
sisting of  8  genera  and  IG  .species,  all  of  which  are  confined  to  it,  except 
one,  wlii(  h  is  found  in  northwest  America,  and  two  which  extend  to 
Assam  and  Forni(»sa;'  { Inland  J Afe,  1880,  41.)  How  he  could  have 
macU»  such  an  erroneous  statement  is  hard  to  understand,  in  view  ot* 
the  well  known  fact  that  3  genera  of  moles  inhabit  eastern  North 
America  and  2  the  Pacific  coast  region;  and  it  is  the  more  strange 

*  Journ.  Linn.  Soc.  (Zoul.)  (fur  1857),  1858,  II,  190-145;  anil  agaiii,  with  tome  altoni- 
tiona,  in  JbU,  1^1,  eixtb  «erie«,  ui,  514-^7. 
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since  on  another  page  of  the  same  work  he  states  that  there  are  three 
peculiar  genera  of  moles  in  North  America.* 

He  states  furtber:  Among  oarnivorons  animals  the  lynxes  (nine 
species)  and  the  badgers  (two  species)  are  peenliar  to  it  [the  PalsBarctic 
re^^ion]  in  the  old  world,  while  in  the  new  the  lynxes  are  found  only  in 
the  colder  regions  of  Korth  America''  {Island  Li/^j  1880,  41)^  thus 
^  implying  that  there  are  no  badgers  in  North  America,  and  ignoring  the 
presence  of  lynxes  all  along  the  southern  border  of  the  United  States 
fiom  Florida  and  Texas  to  southern  California*  Continuing,  he  men- 
tions a  number  of  groups  which,  he  says,  *'have  oidy  afew  species  else- 
where." Among  these  are  the  voles,  dormice,  and  pikas."  Pilias 
inhabit  the  mountains  of  western  Canada  and  range  south  in  the  Cas- 
cades and  High  Sierra  to  sonthern  California,  and  in  the  Bocky  Moun- 
tains to  Colorado.  They  have  been  reported  also  from  the  high  moun- 
tains of  Lower  California  in  Mexico.  The  {^roup  of  voles  or  Arvicolime, 
exclusive  of  the  lemmings,  is  represented  in  Boreal  North  America  by 
not  less  than  four  genera,  five  snb-genera,  and  nearly  Mty  species.  It 
is  only  fair  to  iuld,  however,  that  some  of  these  have  been  descrilied 
since  W  allaee's  l>ook  was  written. 

"Tlie  Nearetic  region  is  so  similar  to  the  Palfearctic  in  position  and 
climate,"  he  .idmits,  "  and  the  two  so  (dosely  approa<;h  eaeh  other  at 
Bering  Strait  that  we  can  not  wonder  at  their  being  a  certain  amount 
of  similarity  between  tlieni, — a  similarity  which  some  naturalists  have 
8ol*ar"ver-estimate<l  as  f  o  tliiiik  that  tlie  tworegionsou^lit  to  be  united." 
After  emimeratin^?  a  n umber  ot*  mammals  common  to  the  two  he  goes 
on  to  say:  "We  uiidoubtedly  tiiid  a  very  close  resemblami'  between 
the  two  regions,  and  if  this  wei  e  all,  we  slirmld  have  -  k  iit  ilitiiculty  in 
separatiii^^-  them.  But  aloiijj:  with  these  wc  liiid  auolher  set  of  mam- 
mals, not  quite  so  conspicuous  lint  nevertlu  h  s>  \  ery  important.  We 
have  tirst,  three  peculiar  <;eucra  of  moles,  one  of  which,  the  star-nosed 
niole,  is  a  most  extraoidiiuuy  creature,  quite  unlike  anythinnr  else. 
Then  there  are  three  genera  of  the  weasel  family,  indudin*;  the  well- 
known  skunk  {Mephiti8)y  all  quite  dift'erent  from  eastern  Ibi  nis.  Then 
we  come  U)  a  peculiar  family  of  carnivora,  the  raccoons,  very  distinct 
from  anything  in  Europe  or  Asia;  and  in  the  Kocky  Mountains  we  ftnd 
the  prong-horned  antelope  {Aniiloeapra)  and  the  mountain  goat  of  the 
trappers  (Aplocems  [=Mazama])^  both  peculiar  genera.  Coming  to 
the  rodents,  we  find,  that  the  mice  of  America  differ  in  some  dental 
peculiarities  from  those  of  the  rest  of  the  world,  and  thus  form  several 

*  In  lit8  earlier  work  ho  Hays:  Condylura  (one  Hpccies),  the  star-noBinl  mole,  in- 
haliits  t'asfern  North  America  IVoni  N»»va  Srotin  to  Pi-nusylvanin ;  SrapaHnn  (two 
S[>ec\«ia)  rangeH  aorf^ss  from  New  York  toSau  FrauciHto;  ikaloiiu  (three  specie}*),  the 
•brew  tnolen,  mngo  fhini  Mexico  to  the  Great  Lak««.  -  -  •  Vrotric^titw  a  nhreW' 
like  inole  which  iuhebito  Japan,  and  a  Mcoud  apeeieH  has  been  discovered  in  the 
ueontaius  of  British  Colombia."  (G9»0.  lH»t,  of  Jnimah,  1876^ xi,  190.) 
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distinct  freiiera;  the  Jumping:  mouse  (A'<</>ms  [=Za;>//sl)  is  a  pe4*nli;ir 
form  of  the  jerboa  family;  aiul  then  we  come  to  tlie  iKHulud  rats  {lieo- 
myuia),  a  very  curious  taiiiiiy  consisting  of  four  genera  and  nineteen 
species,  peculiar  to  Nortli  America,  though  not  contUied  to  the  ifearc- 
ti<;  region.  The  prairie  dogs  ( Cynomys),  the  tree  poroapiue  {BrethigoH)^ 
the  corions  scwellel  {Haploodon  IssAplodanlia])^  and  the  oposanm 
(IHdelphix)  complete  the  list  of  peculiar  mammalia  whicli  distinguish 
the  northern  region  of  the  New  World  from  that  of  the  Old."  {Island 
JjiJ't\  p.  -18,) 

As  already  shown  iu  an  earlier  part  of  the  present  essay,  most  of 
these  genera  and  several  of  the  families  belong  to  the  austral  or 
Souoran  region  and  have  no  plaee  in  tlie  Boreal  fauna— the  only  one 
that  can  be  compared  with  the  fiiuna  of  northern  Knrasia^  As  a  mat* 
ter  of  fiicty  eighty-one  genera  of  non-pelagic  mammals  are  now  recog- 
nized in  <<extra-tropical'*North  America— the  so-called  Nearctic  region* 
Of  this  number  forty-one  are  found  in  no  other  part  of  the  world.* 
These  genera  are  enumerated  in  the  following  table,  which  brings  oat 
the  important  fact  that  no  less  than  thirty  two,  or  78  per  cent,  are  of 
Sonoran  or  austral  origin,  while  only  nine,  or  22  per  cent,  are  of  Boreal 
origin.  Of  these  nine  frcTiera  now  confined  to  North  America,  OviboM 
inhabited  polar  Euiasia  in  Pleistocene  times;  Heuroirichm  is  not  recog*- 
nized  by  Flower  and  liydekker  as  more  than  sub-generically  separable 
from  Vrotrkkm  of  Japan,  and  Synnptomys  is  not  kn(»wn  ex('e[>t  from 
the  Transition  zone  of  the  I'nited  States  and  is  liere  classed  as  iioreal 
because  of  its  close  relationship  to  the  trans-continental  Boreal  ^jjeniis 
Myodes.  Omitting  these  three,  Borj  iil  Xortli  America  has  bat  six 
genera  of  mammals  not  known  from  Boreal  Eai*asia. 

PeeuHar  gmtra  »f  mammaU  inhabiHug  Xerth  Amwiea  north  of  Mexico, 

OF  BORKAL  OUIOIN. 


Ovilios. 
Aplodontia. 


PilMr. 


Zapns. 
Erethizon. 


Ncuxotrichug. 
Condylara. 


or  HONORAM  ORIOIX. 


Cariaciu. 
Antilooapra. 

Cynoiuys. 

He  i  1 1 1  nxhmtoiiiy  H. 

Oryzomya. 

Ouyohomys. 

Sigmodon. 


Keotouia. 
Thoinoinys. 

1  H|»o<loin  VH. 

iVrtMli)»us. 

Microdi]>(Hlu)>8. 

PerognathuH. 

Heteromys. 


Urocyou. 
Baasariscus. 
Taxidea. 
ConepatiM. 

Mfphitis. 
.S]»ilt>gale. 
Notioflorox. 
Scalopa. 


Seapanua. 
Blariua. 

Antrozons. 

NycticcJuK, 

<  >tuiit««nie. 

Corynorbiuaa. 

Eaderma. 

Atalapha. 


*  Tlio  iiitrusivo  gcurru  JUdilphiu,  Tatumi,  D'tvutylcH,  I'roc^on,  SaHtta,  aud  Mvlo»*Mf 
whicU  are  clearly  of  South  Americnii  origin,  are  not  bore  included* 
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On  the  other  hand,  out  of  the  thirty*one  Boreal  genera  of  North  Amen- 
can  mammals  the  following,  twenty-fonr  genera  or  77  per  ceut,  are  com- 
mon to  Boreal  America  and  Boreal  Enrasia: 

Cervuh.  Arc'tomya.  i;imi<-nluN.  Lutroola. 

Baaglbrv  CMtor.  Logoinys.  Patorius. 

Ale«.  PheQAcomyt.  Vulpea.  Hostel*. 

Ovie.  Evotoiuys.  ("^rsTis.  (inlo. 

Bi(w>u,  Arriotila.  Tiiulurctus,  Sorex. 

Taaiius.  MyodeH.  Latax.  rrotrirhuR.* 

In  additiou  to  the  foregoing  genera,  which  :ire  clearly  of  Boreal  ori- 
gin, the  tbllowiug  twelve  genera  of  more  extended  range  are  also  com- 
mon to  the  two  continents: 

Seiaroptwns.  Lepiui.  Felis.  TespcvtUio. 

Scianis.  Canis.  Lynx.  PltHntu8.t 

Spenuophiltw.         Lotrii.         i         Yesperugo.  Ijyctttiotnas. 

Most  of  these  genera  are  known  to  be  of  great  antiquity,  their  remains 
having  been  found  in  Miocene  strata,  and  it  is  probable  that  the  others 
belong  to  the  same  category,  but  have  thus  £»r  escaped  detection,  owing 
to  their  very  smaH  size.  All  of  them  attain  their  maximum  development 
and  numbers  in  the  Sonoran  region  in  America  and  the  analogue  of  the 
Sonoran  in  Eurasia;  but  by  reason  of  the  groat  length  of  time  that  has 
elapsed  since  they  came  into  cvistence  some  of  their  representatives 
have  become  acclimated  to  a  wide  range  of  climatic  conditions. 

Dr.  John  L.  Le  Oimte,  in  Ms  report  ou  tlie  Coleoptera  of  Lake  Supe- 
rior, said:  ''Tlie entoinolojrist  (^aii  not  fjul  to  be  Htinn  k  with  two  very 
remarkable  characters  displayed  by  the  insect  fauna  of  these  northern 
regif>ns.  Mrst,  the  entire  absence  of  all  those  groups  which  Biej»eciUiar 
to  the  American  continent  [}'.  Sonoran  and  Tropical  {groups].  -  -  . 
The  few  new  genera  which  I  have  ventured  to  establisli  are  not  to  be 
regarded  as  exceptions.  They  are  all  closely  allied  to  European  forms, 
and  by  no  means  members  of  fjroups  exclusively  American, 

'sSecondly,  the  deficiency  cans^'d  by  the  disnppcarnnr-c  of  character- 
istic forms  is  obviated  by  a  lar;:«'  iii<  rcasc  of  the  members  of  ;:onera 
feebly  rf'inf-tnitcd  in  the  more  tnnperate  regions,  and  also  by  the  Intro 
dnrtifiii  (ii  many  genera  heretotbre  rej^arded  asronfiiuMl  to  the  northern 
part  of  Kuroijc  and  Asia.  Amonj^  these  latter  ai  c  mnny  species  which 
can  b«^  distinguished  from  their  foreign  an  jlogiies  only  l>y  the  most 
careful  examination.   This  parallelism  is  sometimes  most  exact,  run- 


*  As  stated  BtboTW,  Flower  and  Lydekker  do  not  recognise  tbe  jkmerioan  animal  an 

genericaUy  distinct  ftoni  Uroiriehns.  Whilci  I  agree  with  Dobson  in  Hvcor  H ml:  it 
generic  v.^nVi.  it  ronvpiiieiit^  in  Studying  the  origin  of  groups,  to  hrinjc  together 
each  closely  rtltttetl  types. 

i  Tbe  iLmericau  epecies  of  Plecotut  are  separated  generally  by  Dr.  Harrison  Allen 
under  the  name  CorffnofhUuUf  whieh  is  adopted  by  the  writer.  The  more  compr^ 
heniiTe  name  FUcoUu  is  here  need  for  tbe  reason  just  stated  under  Urohiekm*. 
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ning  not  merely  through  the  genera,  but  even  through  the  respective 
spedes  of  which  they  are  composed.^  (Lake  Sn^^moTj  1890^  238,  2i0.) 

W.  F.  Kirby,  in  a  paper  «On  the  Geographleal  Distribution  of  the 
Diamal  Lc'pidoptera  as  compared  with  that  of  Birds,"  states:  "Had  I 
been  dealing  with  Lepidoptera  only,  I  would  certainly  have  united  Dr. 
Selatei's  'Palfeiurctic  region'  and  <^earctie  region;'  for  although  the 
*  species  of  Korth  American  BhopsJocera  are  seldom  identical  with  those 
of  northern  Asia  and  Europe,  still  the  genera  are  the  same  with  scarcely 
an  exception,  except  a  few  representatives  of  South  American  genera^ 
which  have  no  more  right  to  be  considered  Nearctic  species  than  the 
sii^ilar  chance  representatives  of  African  forms  in  north  Africa  or 
southwest  Europe,  or  of  Indian  forms  in  southeast  Europe  have  to  be 
considored  PaI«Barctic  species.*^  {Joum*  Linnea»  Soc^  London^  ZooLy 
1873,  432.) 

It  now  becomes  evident  that  tlie  so-called  Palaearctic  and  Kearctic 
regions  are  the  result,  in  each  case,  of  confounding  and  combining  two 
wholly  distinct  regions — the  Boreal  with  the  Souoran  in  America  and  the 
Boreal  with  the  auah)gue  of  thn  Soiioraii  in  Kurasia.  Eliminating  these 
sMistral  clctiif'iits  as  wholly  t<ircif:ii  to  tin-  rc-rion  to  wliirli  they  <•  bevii 
so  ixTsistcutly  attached,  tlicre  rt'iiiaiiis  a  siit-lf  i;i  rat  cii  (  iiiii  i)(>lar 
Boreal  rc;^i(>ii  cliai  act  crized  by  a  remarkably  huuiogeueous  ^una,  cover- 
ing the  iiortherii  i)ai  ts  of  America  and  Eurasia. 

Cope  has  shown  that  the  chief  differences  between  Boreal  America 
and  Boreal  Eurasia  are  found  among  the  fishes  and  batra^'hians, — ani- 
mals living  wholly  or  in  part  in  water.  "N'ow,  it  can  not  be  insisted  too 
strongly  that  while  the  cliief  factor  in  t  lie  distribution  of  a^juatic  animals 
and  plants  is  teimperature,  as  has  bcm  ion;;  acknowledged,  yet  from 
the  very  iiatnre  of  the  case  the  resulting-  life  regions  must  be  difl'erent, 
the  one  supplementing  or  being  t  he  complement  of  the  other ;  for,  wat^r 
being  the  medinm  in  wliich  the  species  live,  the  bodies  of  water  with 
their  prolongations  and  extensions,  as  bays,  rivers,  and  lakes,  umst  be 
studied  as  entities,  just  as  we  study  a  continent  with  it^  i>eiiinsnla8  auil 
outlying  islands^  the  means  of  access  to  a  given  body  of  water  bein^ 
the  principal  factor  in  determining  the  water  area  to  which  its  aquatic 
life  belongs.  And  it  should  be  remarked  that  a<[uatic  mammals  (as 
seals  and  cetaceans),  and  aquatic  birds  (as  ducks  and  gulls),  conform 
in  the  main  to  the  laws  and  areas  of  aquatic  distribution,  and  shoald 
not  be  taken  into  account  in  studying  the  distribution  of  terrestrial 
forms  of  life. 

GiU  has  said  with  much  truth :  There  appears  to  be  a  total  want  of 
correlation  between  the  inland  and  marine  fiftunas,  and  a  positive  in* 
oongniitj,andeven  contrast,  between  the  two.^  [Proe.  BioL  8oe,  Wnh^ 
1884,  n,  32.) 
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PBniOIPI«B8  ON  WHICH  B10>OEOaBAPHI0  REGIONS  SHOULD  BE  ES- 

.  TABLTSHBD. 

Walljvce,  in  writing  of  the  principles  on  wliich  zoological  regions 
slionld  bo  formed,  0. X presses  the  opinion  that  "  convenience,  intelligi- 
bility, and  f'ustoni  should  largely  irnide  lis.'*  But  I  quite  agree  m  ith 
America's  most  dijstiiigiiished  and  plulosoidiic  Trritor  on  distribution, 
l>r.  J.  A.  Allen,  that  in  marking  ott'  the  lil'e  rcgiuiis  and  sub-regions  of 
the  earth,  truth  nhouhl  not  bo  saorificed  to  (•onvenien( c ;  and  I  see  no 
re^iHon  why  a  homogent'oiis  t-irrinn-polar  fjouia  of  ;^reat  geographic 
extent  should  be  splitupinto  pi  imary  r»igiuus  possessing  eom]iaratively 
lew  peculiar  types  simply  be<"anse  a  water  separation  hai)pens  to  exist 
in  the  present  geologic  iwriod;  nor  is  it  evident  why  one  of  the  re- 
sulting feeble  divisions  should  be  granted  higher  rank  than  a  region  of 
much  less  geogi  aphie  extent  ctmiprising  several  times  as  many  peculiar 
tyi)es.  Hence  the  divisions  here  re<'ognized,  and  the  rank  assigned 
them,  are  based  as  far  as  possible  upon  the  relative  numbers  of  distinc- 
tive tyi>es  of  mammals,  birds,  reptiles,  and  phmts  theyconi.un,  with 
due  reference  t(»  the  steady  niultii)lieation  of  Si>ecies,  genera,  and  higher 
groui>s  irom  the  poles  toward  the  tropics.  Mammals  have  been  chiefly 
used  as  iUostrations  because  they  answer  the  purpose  better  than  any 
other  single  gronp^  and  because  it  is  clearly  impossible  in  a  brief  essay 
of  this  character  to  enumerate  sneh  a  maRitiide  of  forms  as  would  be 
Bfioessary  were  equal  consideration  accorded  to  each  class. 
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By  John  K.^Sp£abb. 


L 

Here  is  an  interesting  stady  in  human  natare ;  a  picture  of  the  iDcep- 
tion  and  growth  of  an  enterprise  of  great  moment  to  the  naturalist  and 
the  sportsman,  and  of  interest  to  everyone.  Six  years  ago  a  friend 
presented  to  Austin  Corbin,  the  well-known  railroad  man,  a  few  young 
deer.  Mr  Gorbin  accepted  them,  and  having  a  great  country  seat  that 
included  many  acres  of  woods  as  well  as  cleared  fields  out  on  Long 
Island,  he  caused  a  part  of  the  woods  to  be  suitably  fenced,  and  turned 
the  deer  into  the  inclosure.  Mr.  Gorbin,  at  that  time,  was  neither  a 
sportsman  nor  a  naturalist^  in  the  sense  in  which  these  terms  are  gen- 
erally understood.  He  bad  no  especial  interest  in  ivild  animals  of  any 
kind.  Nevertheless,  as  a  lad  he  had  lived  on  a  farm  in  liTew  Hampshire, 
among  the  foothills  of  the  White  Mountains,  and  had  trapped  wood- 
chucks,  and  shot  partridges  and  cluised  foxes,  and  the  good  healthy 
delights  of  those  days  lingered  in  his  raeinory.  Small  wonder  then  that 
the  gentle  pets  his  friend  had  given  to  him  won  their  way  into  his  affec- 
tions flrom  the  moment  they  became  li  is.  It  was  a  new  pleasure-some- 
thing he  had  never  known  before, — to  go  and  watch  their  graceful 
motions  and  gaze  upon  the  beauty  of  their  forms.  ^loreover,  Mr.  Corbin 
had  a  son,  and  Austin  junior  was  as  much  delighted  with  the  pets  as 
his  father. 

There  was  ample  room  on  the  Long-  Island  farm  for  more  than  the 
few  (leer,  and  the  Corbins  decided  that  more  .slmuld  be  had.  This  led 
to  the  examination  of  sundry  books  on  the  subject  of  deer  culture,  if  one 
may  use  the  term,  books  like  JndL'^e  Caton's,  for  instance,  while  the 
Forest  and  iStream,  and  other  jxTiociicals  were  Jiecessarily  read  regu- 
larly. (,'ertainly  the  love  of  nature  ^tows  wirli  wliat  it  feeds  upon,  if 
any  emotion  of  the  heart  does.  If  dcrr  ( «>iild  hv,  kept,  why  not  deer's 
cousins,  the  elk,  the  moose,  the  antelope,  and  the  buftalo, — especially 
the  budalo  ? 

*  From  For€9t  and  Stream,  fbr  March  13, 1801,  and  May  26, 1892. 
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Mr.  (  "oibin  had  lived  in  Iowa  vrhou  n  yt>im*r  man.  and  in  the  da\'s 
when  tlie  herds  of  buffalo  on  the  plains^  ut  Nebnuska,  Kansas.  nu(\  Texas 
minibered  untold  thoiisauds.  It  was  a  jrreat  pity  that  siu  li  ti«»ble  ani- 
mals were  likely  to  beeonie  extinet,  and  the  <  Orbiius  deteriuiucd  to  Join 
in  the  effort  to  per]>etnate  the  .speeies.  Tin  y  liiwl  begun  with  a  tew 
deer,  and  they  added  the  elk,  the  antelope.  an<l  the  buffalo,  and  then 
it  became  ui>parti)t  that  the  Long  Island  t  -iati'  was  too  snnill  for  the 
proi>er  eare  of  thes*'  .luimals,  or  at  least  tor  the  care  whieh  the  owneru 
desired  to  give  them. 

It  is  to  be  particularly  notic*'d  that  the  Long  Island  estate  was  not 
suited  to  the  sort  of  ciire  that  the  Corbins  wished  the  animals  to  have. 
From  caring  for  the  few  pets  had  grown  the  desire  to  rear  herds  of 
these  animals  under  sach  conditions  of  freedom  as  would  leave  tiiem 
with  all  their  natural  characteristics.  A  pet  deer  was  beautiful,  but 
it  was  not  the  deer  of  the  wild  woods  after  all.  xV  pure  bred  buflbio 
in  a  barn-yard  was  in  iact  a  bufGalOi  but  he  was  too  much  like  a  Dur- 
ham bull  to  be  perfectly  satis^tory.  On  the  Long  Islaud  £urm  the 
animals  coiUd  scarcely  become  anything  more  than  pets. 

So  the  thoughts  of  the  elder  Gorbin  went  back  to  the  days  of  his 
youth  and  the  foothills  of  the  Wliite  Mountains.  As  most  of  our  read- 
ers know,  there  is  plenty  of  laud  in  19ew  Hampshire  that  is  Just  a« 
wild  now  as  it  was  when  Hudson  first  looked  on  the  ground  where  the 
statue  of  liberty  now  sta  nds.  There  was  a  deal  of  i t  i  n  Sullivan  Couuty^ 
perhaps  not  the  wildest  iu  the  State,  but  certainly  a  plenty  of  mibroken 
forest  that  covered  bills  and  valle.\  s  and  sunonndcd  little  lake*,  for- 
ests of  birch  and  beech,  and  maple  and  pine,  and  Spruce  and  hemlock^ 
and  balsam, — forests  beautiful  and  fragrant  enough  to  give  a  city  naan 
the  heartache  when  he  thinks  of  them. 

Mr.  Corbin  determined  to  buy  froni  l*0,(XK)  to  3(),000  acres  of  tlicsee 
hills  and  valleys  and  tiierc  establish  a  park  for  his  new-found  four- 
footed  friends  in  whic  h  they  would  find  the  conditions  as  near  those,  as 
possible  to  which  the.\  were  best  suited.  Mr.  Corbin  eveutuall^-  got 
22,000  acres  in  one  tiiu  t. 

The  n<»xt  tliinir  was  to  fence  it,  and  only  those  who  liav«'  tried  buihl- 
injj  elk  tight  fenci's  can  appreciate  the  Job.  Here  w.is  a  ti  iu't  of  oA  ^r 
35  s(iuan'  miles  of  land  to  inclose.  They  starr^id  out  with  a  wire  n«*t  (i 
feet  high,  secured  to  stout  posts  10  feet  apai  t.  Above  the  net  ttiey 
strung  ten  lines  of  barbed  wire,  and  tliat  marie  a  rii;ht  good  feu<*e. 
But  when  18  miles  had  been  erected  they  abandoned  the  wire  net  and 
used  barbed  wire  only  for  the  rest  of  the  \va.\.  That  was  cheaper  and 
just  as  good.  It  is  not  uninteresting  to  note  tliat  tlie  fencing  cosjt 
$74,000. 

In  all,  nine  gates  are  to  be  placed  in  this  fence,  with  a  keei)er's  lodge 
at  each  gate,  something  made  necessary  by  the  presence  in  every  coiu- 
munity  of  the  skulkiuf?  lout  who  will  8t«a1  or  destroy  the  proj^erty  of 
the  well-to-do,  and  especially  such  property  as  this  fence  will  inclose. 
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Mr.  Corbiu  is  sine  his  park  will  uot  in  auy  w;iy  intcrleie  with  the 
rights  of  legitiinate  sportsincii. 

Here  is  tbis  tract  of  woodhuid  with  only  enough  cleared  laud  on  if, 
to  afford  meadows  over  which  the  auimals  would  like  to  wander  at 
times,  are  gathered  25  buffalo,  60  elk,  over  70  deer,  half  a  dozen  each 
of  caribou  and  antelope,  18  wild  boars  imported  from  Germany,  aud  an 
unknown  nnmber  of  moose,— perhaps  a  dozen.  He  had  4  reindeer 
brought  from  Labrador,  bnt  all  died.  Ue  expects  to  have  a  community 
of  beavers,  for  the  lakes  and  streams  of  the  park  are  admirably  adapted 
for  these  beautiful  animals. 

Quite  as  interesting  as  any  description  of  the  park  and  its  inhabit- 
ants is  the  story  of  the  gathering  of  the  specimens.  It  is  too  long  to 
tell  in  full,  but  room  remains  for  enough.  The  agent  employed  to 
gather  a  large  part  of  the  animals  from  Canada  was  Thomas  H.  liyan, 
who  has  served  Mr.  Corbin  in  a  number  of  capacities  for  tiie  past  twelve 
years.  Along  in  October  last  Mr.  I^yan  was  commissioned  to  goto 
Canada  to  see  what  could  be  done  about  getting  ^<  any  wild  animals 
there  except  bears,  panthers,  wolves,  and  foxes.'' 

At  Slierbrooke  lie  met  ;i  fi  iondly  newspaper  man  who  said  one  Daiu 
Ball,  of  Megantic,  knew  all  about  the  deer  of  that  (jouutry,  and  so  to 
Megantic  posted  Mr.  Byan.  He  met  Ball  and  tbuud  him  able  aud 
Vfilling  to  get  the  deer. 

Mr.  Ryan  went  60  miles  to  North  Bay,  200  miles  west,  and  from  there 
to  Mattawti,  on  the  verge  of  a  region  where  moose  aljouud,  deer  are 
plentiful,  and  beaver  possible  to  obtaiii  alive.  A  contract  was  made 
with  a  trapp<'r,  whose  name  Mr.  Kyan  does  not  wish  to  moTitioii,  Htr  a 
supply  of  all  these  animals — at  leAnt  twenty  of  each  if  that  number  be 
possible. 

Meantime  Dan  liad  gone  to  work  :if  McHaiitir  by  selecting  a  few 
friends  and  lookin^^  o\  er  the  woods  to  sec  where  tl»e  deer  were  vard- 
iii.i,^  AloiiiT  in  i)cc»*iiiher  the  snow  became  5  feet  deei»  in  tiie  woods, 
and  Dan  knew  of  one  yaid  where  at  least  300  deer  were  gathered 
together. 

Then  lie  and  six  ritheis  went  on  snowshoes.  with  laickskiii  thonfjs, 
aud  one  '^nu  loadi-d  with  powder  only.  I.o«  atin.u  a  Iniui  li  oT  deer  in  a 
thicket,  six  of  the  men  crept  up  a.s  near  us  poissible  to  i  lie  leeward  with- 
out alarming  them.  Then  the  seventh  came  teariu-  down  with  the 
wind  aud  with  a  wihl  yell  and  the  discharge  of  the  gnu  scattered  the 
buuch  like  a  flock  quails  before  a  cnr  pup.  Some  of  the  fleeing  beauties 
plumped  into  the  snow,  that  was  so  deep  and  so  fluffy  that  they  sank 
out  of  sight  at  tlie  first  sti-uggle^  nor  could  they  escape  till  Dan  and 
his  friends  kindly  lent  a  hand.  In  all  a  dozen  were  captured  tints,  and 
with  legs  bound  with  soft  leather  thongs  were  carried  to  an  old  shanty 
in  the  woods  some  distance  from  Megantic. 

In  January  Mr.  Ryan  went  away  to  bring  the  deer  to  the  park  in 
ISew  Hampshire.  Megantio  is  on  the  Canadian  Pacific  road.  A  box 
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car  was  sent  to  a  siding-  ibniierly  used  by  a  lumlKT  mill,  auil  there  car- 
peted witL  hay,  8ti  aw,  and  a  good  snpply  <»f  bi ow  se.  The  ends  were 
theu  partitioned  off  from  the  space  between  the  doors  by  means  of 
poles,  aiui  within  the  spaces  tlui6  formed  the  deer  were  placed,  being 
simply  lifted  in.  They  had  been  kept  in  the  meantime  in  the  old  mill 
unbound. 

With  Dan  Ball  to  look  after  and  especially  to  water  the  deer  tbe  car 
was  hauled  to  Newport^  Vt.^  the  loeation  of  the  United  States  costoms 
office 

The  deer  were  passed  dutyfree,  and  were  sent  on  to  Newport,  K.  H., 
by  the  way  of  Concord,  nearly  100  miles  farther  than  necessary.  The 
extra  ride  proved  disastrous,  for  one  deer  died  ere  r&uie,  and  two  after 
arrival.  The  nine  are  now  as  well  and  frisky  as  when  in  their  native 
forests. 

The  bullalo  in  the  park  carae  originally  from  Montana,  but  were 
purchased  of  a  Minnesota  man.  The  moose,  elk,  and  caribou  came 
from  Minnesota  also,  and  were  captured  along  the  Canadian  border. 

Among  the  interesting  experiences  in  the  transportation  of  the 
animals  for  this  park  may  be  mentioned  these:  Moose  have  been  car* 
ried  2,000  miles  in  four  days  without  apparent  injury.  The  last  con 
signment  included  sixteen  moose,  three  deer,  and  one  caribou.  All 
arrived  in  good  condition,  but  eijjht  moose  died  afterwards,  because,  it 
is  thought,  of  the  cliaoge  in  their  diet  or  water,  or  both.  On  one 
occasion  when  thirty  deer  were  en  route,  a  collision  with  another  train 
killed  twenty  tw<>  of  them  outright,  and  four  more  died  afterwards. 

It  is  noticed  that  the  largest  deer  most  easily  succumb  to  railroad 
travel.  None  of  the  animals  ever  eat  or  sleep  while  the  car  is  in 
motion.  On  a  side  tnick  they  will  eat  a  little.  There  seems  to  br 
more  danger  of  their  suffering  from  heat  in  a  box  eai'  than  from  cold, 
but  the  w<nst  trouble  is  in  the  Jerking  to  and  fro  of  the  car  when  tbe 
train  is  stopping  or  starting.  They  are  fed  bailey,  corn,  bran,  and 
hay.  In  the  wcmds  they  aie  e.\pe<'ted  to  live  as  they  would  naturally, 
,  Imt  i»l;iees  will  ))e  established  where  leed  will  be  left  for  them,  no  that 
none  shall  lack. 

Beginning  with  a  few  pet  deer  in  a  paddock,  the  Corbins  now  have 
a  private  zoologieal  garden  where,  if  at  any  such  place  in  the  world, 
tiie  animals  on  hand  can  be  seen  and  studied  under  natural  conditions. 
AVhat  it  will  be  in  the  future  Mr.  Oorbin  can  m)t  s;iy.  but  that  iu'  will, 
as  fast  as  convenient  to  do  so,  add  all  the  animals  tif  the  worM  lluit 
can  live  there  harmoniously  need  not  be  doubted.  His  outlay  up  to 
the  completing  of  the  park  is  not  far  from  8l(H),0()0.  Some  of  bis 
friends  say  he  is  likely  to  spend  half  as  much  more  on  it  and  make  of 
it  a  plaoe  to  fiaiTly  delight  the  naturalist.  They  say  that  the  work  of 
Judge  Caton  will  be  supplemented  and  added  to,  by  that  to  be  done  at 
the  Corbin  i^ark,  to  the  great  benefit  of  all  investigators  into  the  habits 
of  wild  animals. 
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In  the  issae  of  March  12^  1891,  we  published  a  very  iuteresting  ac- 
count of  Mr*  Aastin  Gorbin's  gauio  park  in  ^ew  Hampshire,  telling 
how  )Ir.  Corbiu  was  led  into  the  enterprise,  and  also  giving:  an  account 
of  how  the  first  animals  used  in  stocki  1 1 i  lie  park  were  secured.  Since 
then  we  have  obtained  the  following  information  of  the  present  state 
of  af&iirs  in  the  park,  chiefly  in  relation  to  the  breeding  of  the  animals 
in  their  new  environmcnt--it  can  hardly  be  called  captivity,  when 
the  animals  are  at  liberty  to  wander  at  their  own  sweet  will  over  28^000 
acres  of  wocMlland,  hill,  and  valley. 

In  this  re8i)ect  of  breeding  the  park  has  proved  a  great  success.  All 
the  animals  seem  to  take  kindly  to  their  new  surroundings,  and 
already  their  numberii  are  being  materially  increased  by  births.  Of 
the  tweuty-two  bulfalo  which  were  put  in  about  a  year  ago,  eight  of 
the  cows  arc  now  in  calf,  and  two  yonng  have  been  added  to  the  herd. 
The  elk,  whicli  bred  h>  a  limited  extent  on  Mr.  Oorbin's  T^ong  Island 
estate,  have  found  their  mountainous  New  Hampsliire  home  more  to 
their  liking,  and  have  already  increased  r>()  per  cent.  Kext  to  the  elk 
the  most  accurate  count  has  been  kept  of  the  moose,  who,  unlike  their 
^egarious  brethren,  go  in  pairs  during  the  rutting  season.  It  was  at 
first  feared  tli;U  these  unusually  retiring  animals  would  not  breed  in 
the  park,  but  it  has  been  ascertained  that  six  of  the  cows  are  now  with 
calf.  There  arc  npwaid  of  sixty  moose  in  the  park  and  they  make  a 
much  wider  raii^^c  in  travelling  than  the  oik,  wliich  kee])  ])rotty  well  to 
oil*'  locality  witerr  tlicrc  is  considerable  brubh  and  small  growth,  and 
no  doubt  alnindaiit  fcc(i. 

The  age!it  who  was  instniiiiciital  in  sccui  iii^'-  for  Mr.  Corbiii  the  first 
denizens  of  th«'  paik  lias  the  head  of  a  particulnrly  line  moose  in  his 
possession.  Tiie  unmounted  liead  uci-hi'd  300  jiounds,  and  the  horns, 
wliieh  siioNv  eleven  points,  have  a  simu  of  about  "»  feet.  This  head  was 
bouglit  of  an  Intlim  in  Mattawa,  and  is  said  to  be  the  last  green  head 
taken  out  of  Ont4iru>  previtnis  to  the  passing  of  the  law  forbidding  the 
killing  of  moose. 

To  come  l)ack  to  li^^uri's,  th<^  wild  boars,  imported  from  (lermany 
8eptember  a  year  ago,  have  been  seen  a  nunifeer  of  times  lately.  They 
have  evidently  gained  by  natural  increase,  and  must  be  quick  tra\ 
ellers,  as  three  or  four  herds  have  been  reported  in  different  localities 
at  nearly  the  same  time  by  the  game-keepers.  The  old  animals  have 
grown  considerably,  and  are  wonderfhlly  fleet  of  foot,  for  unlike  their 
cousin,  the  domestic  hog,  they  do  not  fatten.  As  far  as  can  be  ascer- 
tained, all  the  other  animals,  including  the  several  varieties  of  deer, 
have  mnltiplied  considerably,  and  their  change  of  habitat  and  the  fact 
that  the  big  fence  occasionally  checks  their  extended  wanderings,  does 
not  seem  to  cast  any  blight  on  the  even  tenor  of  their  lives. 

Indnded  in  the  iiark  are  two  ponds  of  20  and  30  acres,  respectively, 
and  probably  lOO  miles  of  streams.  The  ponds  were  cleaned  out  last 
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year  ami  many  eels  and  other  varieties  of  cannibalistic  tish  destroyed, 
and  now  the  ponds  and  streams  are  all  stocked  with  trout. 

While  in  London,  two  years  since,  Mr.  (Jorbin  purchased  20,000  haw- 
thorn trees.    Four  thousand  of  these  have  been  planted  this  sprin;^. 

They  are  for  th* 


l)ur- 

pose  of  forming  a  hedge 
strong  enough  to  i>re- 
veut    the    bntlalo  and 
other  large  animals  from 
getting  out.    This  tree, 
of  which  there  are  two 
varieties,  the  white  and 
black,  is  used  very  ex- 
tensively for  inclosing 
the  game  inn  ks  (»f  Eng- 
land and  France.  It 
gnnvs  from  8  to  10  feet 
in  height,  and  is  the 
toughest  and  stnmgest 
tree  that  can  be  found, 
inaking,  with  its  inter- 
locking    and  elastic 
branches,  a  hedge  that 
would  resist  a  batti-ring 
ram.     The   trees  are 
being  j  dan  ted  inside  the 
big  fence  of  barbed  and 
woven    wire,  and  will 
eventually  take  its  i)lace 
when  the  latter  becomes 
weakened  thnuigb  rust 
and  cxi)osure. 

There  will  be  no  hunt- 
ing in  the  ]>ark  at  pres- 
ent, though  in  future 
years,  when  the  animals 
have  multiplied  beyoud 
the  resourc*'s  of  their  do- 
main, it  is  possible  that 
Mr,  Corbin  may  adopt 
this  means  of  thinning 
them  out.  It  is  sulVn'ient  to  say  that  tlie  park  is  not  designed  for  hunt 
ing.  Similarly,  it  is  not  primarily  intended  for  scientific  research  into 
the  habits,  bncding,  et**.,  of  the  various  animals,  though  it  is  safe  to 
aay  that  it  would  yield  rich  returns  in  this  direction. 
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The  (UnTlo|Httent  (»!"  Mr.  (Jorbiii's  j^aiiN-  pink  i'litprpiisc?  is  beinij 
watxjlied  with  deridr*!  iiitcifst  !)v  s|ini'tsnu'ii  am!  nfitiir;i!ists.  It  hap- 
pens tliat  till*  pivseni  arricl<'  has  been  pn^parcd  jiisi  in  tuiic  to  supply 
additional  infonuatioii  on  the  siibjci  t  souj^ht  by  the  (lin-ctors  of  the 
new  National  Zooloirical  (rarden  in  Washiuytoii.  ►Success  in  New 
Hampshire,  when  it  sliall  lias f  beeji  demonstrated  beyond  the  perad 
venture  of  a  doubt,  will  piouipt  similar  enterprises  in  other  parts  of 
the  country.  While  nnich  interest  is  iVlt  in  the  iulroduclion  of  foreign 
species,  Auierieans  aie  natmally  most  coueerned  with  the  successful 
conservation  of  bauds  of  American  h\*^  game,  the  elk  and  the  ant-elopo 
and  the  buffalo.  Of  the  untamiliar  picture  these  great  animals  present, 
grouped  on  a  New  Uampshire  hilltoj),  our  cut,  from  a  i)hotograph, 
gives  excellent  illusfmtion.  May  these  wild  creatures  yet  feeil  on  a 
thousand  hills  of  the  New  England  and  other  Eastern  States,  and  on 
the  game  preserves  of  the  west! 

Besides  the  great  New  Hampshire  park,  Mr.  Oorbin  has  two  other 
game  preserves.  On  his  Long  Island  estate  he  now  has  21  elk  and 
about  18  deer,  and  at  Manhattan  Beach  he  has  25  elk.  At  the  latter 
place  he  has  10  acres  inclosed  with  an  open  wire  fence.  There  will 
soon  be  dng  here  a  large  pond,  which  will  be  filled  with  salt  water  from 
the  tides  of  Sheepsheml  Bay.  In  this  pond  are  to  be  a  dozen  seals  and 
10  sea  lions*  The  former  are  now  on  their  way  from  &t,  Johns,  Kew- 
fonndland,  and  the  latter  are  making  their  long  Journey  from  the  Pa- 
cific coast.  Later  in  the  summer  a  number  of  other  animals  will  be 
added  to  the  inclosure. 
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THK  HOME  OF  TUE  TliOGLODYTES.* 
By  E<'^I.^Hamy. 


Tho  ;uii  iriits  liad  a  vtiffuo  kiiowUulj^e  ii  i>eo|)le  inhabiting  certain 
disliu  ts  oi  noriljt'iu  AtVicn.  who  were  remarkable  for  the  <ni.stoui, 
which  they  bacl  in  comnioi),  ot  making  their  Uabitutious  in  the  depths 
of  the  earth.    Tht»w  were  the  Trojjlodx  tes. 

A  poitiuii  ot  the  sea  coast  of  Erythiu'iun  Mare  (IJed  Kea)  owed  the 
name  uf  Tro^^lodN  tie  Kthiopia  to  certain  of  these  baibariaus:  otlier8 
occupied  a  territory  adjacent  to  the  iiioiuitains  wliicli  rise  in  the  south- 
ern part  of  Fezzaii,  while  others,  mueli  iarther  to  the  west,  inhabited 
an  undulating  region  in  wliich  there  is  recognized  the  chain  which  sur- 
rounds the  lower  extremity  of  Little  Syria. 

The  aeooants  of  these  curious  people,  as  given  by  aneient  writers, 
always  represent  them  as  constructinfr  their  dwellings  nnder  ground; 
as  heing  hnnters  of  sneh  activity  and  skill  that  they  take  their  game 
while  in  pnrsnit,  living  for  the  most  part  however  on  the  flesh  of 
wpents  and  lizards.  They  are  described  as  being  poor  and  indifferent 
to  their  own  interests,  having  no  trade  except  in  carbunclee,  for  which 
however  they  were  merely  agents.  Their  language  differed  entirely 
fkom  that  of  any  other  people,  it  being  compared  by  Herodotus  to  the 
strident  ciy  of  the  bat. 

These  snmmaiy  acconuts,  incoherent  and  sometimes  fantastic^  have 
had  the  effect  of  rendering  most  modern  historians  of  Albican  geog- 
raphy incredalous  as  to  their  truth.  These  extraordinary  beings  have 
been  ordinarily  banished  to  a  world  of  the  imagination,  the  species  of 
whom  antiquity  has  so  largely  multiplied  even  to  the  confines  of  known 
conn  tries.  Beliable  travellers  came  however  in  their  turn  to  discover 
in  the  very  same  regions  where  the  ancients  had  located  their  Troglo- 
dytes, important  tribes,  living  like  them  in  subterranean  abodes,  natural 
or  artificial. 

The  English  Captain  Lyons  described  in  L^21,  during  a  four  days' 
march  to  the  southwest  of  Tripoli,  through  a  district  mentioned  by 

*  Bead  at  the  annual  imblio  meeting  of  the  Ave  Acadeaiiee  of  tbe  Inetttnte  of 
Ftance,  Oetoher  24,  1891.  (Ffom  L'Anthrepologh,  Sept.-Oct.,  1881;  vol.  ii,  pp. 
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Pomponius  Mela  and  by  riiny,  a  certain  villairp  of  BcMii  Abbas,  deeply 
liollowod  out  of  the  sniidy  clay  or  calcareous  rock.  The  Freiieh  Cuiisul 
Di'hiporte,  the  Ejryptiaii  8beik,  Mol>animed-Ibn  < )nuir-el-Toiiiisy,  and 
otlicis,  in  coiitirmiug  i\xi^  discovery  Lave  gcueialized  it  to  tlio  entire 
region  of  Gharian. 

In  18C9,  Nachtigal  found  bidden  in  the  valley  of  Tao,  in  the  heart  of 
Thibet,  the  caves  of  the  Tmil  niis,  direct  dt  scendtnits  of  the  Ethiopian 
Troglodyte's,  whom  llt'iuiluius  repn.aented  a.s  the  victims  of  the  Gara- 
mantes,  the  ancient  inhabitants  of  Eezzaii.  Thirty  years  later  our 
soldiers,  penetrating  into  the  massive  niuiiiii.uus  which  rise  to  the 
8outh\ve.st  uf  (ial)cs.  and  at  Douirat  and  Nefou^'a  are  connected  with 
Ghaiiau,  came  upon  a  dozen  villages  excavated  from  the  ancient  allu- 
vium of  the  plateaus  of  Matmata  and  Toujane,  containing  as  many  as 
4,000  inliabitauts.  Disdngaished  officers,  sach  as  the  commander, 
B^billet;  learned  naturalists,  like  Letourueux,  have  slmw  that  time 
visited  this  country,  and  I,  in  my  turn,  have  traversed  it  in  the  course 
of  a  voyage  of  inquiry.*  If  I  saw  few  serpents  and  lizards^  and  still 
fewer  carbuncles  in  the  dark  dwellings  of  Matmata,  of  Hadcije,  or  of 
Beni-Zeltenf  if  I  did  not  hear  proceed  from  the  mouth  of  the  Oalii)hs, 
who  received  me  so  cordially,  the  strident  tones  which  the  htstoriaiis 
and  classical  geographers  have  ascribed  to  their  ancestors,  I  have  at 
least  been  able  to  make  some  observations  which  are  of  a  nature  to 
throw  light  upon  the  interpretations  of  certain  passages  in  the  writers 
of  antiquity.  I  gathered  at  the  same  time  new  data  for  the  study  of 
those  ethical  survivals,  which  day  by  day  are  playing  a  more  important 
part  in  history  and  anthropology, 

I. 

The  Journey  ftom  the  coast  of  Syria  to  the  interior  valleys  i>eopled 
by  the  Troglodytes  is  a  short  but  rough  one.  It  is  necessary  to  cross 
the  arid  and  stony  desert  of  Araad,  then  to  make  the  painfhl  ascent 
of  the  bed  of  one  of  the  dried-up  torrents,  wldch  has  worn  its  way 
through  the  steep  cliff  of  Mount  Demer. 

The  approach  to  these  subterranean  villages  is  most  accessible  Irom 
the  west.  In  ascending  the  iicmpolises  of  Zenfitia,  the  contitist  between 
the  characteristics  of  these  two  neighboring  tribes  is  strikingly  evident 
They  belong  to  the  same  ethnic  grou)»,  but  each  is  faithfolly  devoted  to 
its  own  traditional  customs.  Tlie  Zeuati  construct  their  villages  accord* 
ing  to  the  arcliitcctural  rules  wliich  govcrinnl  the  builders  of  ( lie  ancient 
Berber  cities,  ruins  of  which  1  have  found  in  mitral  Tunis,  between 
Dar-cl-Bey  and  Kairouan.  They  are  in  reality  intrenched  camps, 
formed  by  walls  of  bare  stones,  with  occ^asional  openings,  surmounted 
in  the  rear  by  other  walls,  parallel  and  strengthened  by  semi-circular 
turns,  which  protect  the  entrance  to  the  lanes.   The  Matmati,  on  the 

*I  had  tat  a  trttvelluig  companiou  the  engiueur,  Monsieur  J.  £.  de  1»  Croix,  who 
WM  stadying  the  geology  of  the  region. 
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eoutrary,  like  the  aucieiit  TroglfHlytc's,  oxi-avate  their  ilwelliuga,  s^'at 
tered  here  aud  there  without  order,  from  the  comiuu  t  alliviam  whif$k 
the  rains  have  loug  sioce  formed  in  tlic  depressions  of  the  valh'y. 

To  the  rear  are  the  rocky  .summits  where  rise  the  somber  Zenatiau 
redoubti*,Tamezret,Zeraoiia,  et<'.,  wliile  in  front  is  the  open,  undulating 
valley  where  there  is  nothing,  at  lirst  siglit,  to  reveal  the  i)resenee  of 
man.  A  narrow  neek,  guarded  by  n  small  fort  of  rough  stones,  marks 
the  limit  of  the  two  t«MTitori<'s.  The  deseent  is  made  slowly  l>y  a  stt  ei) 
ineliinition  following  a  ravine  which  lias  long  sine<*  been  w<>i  u  by  the 
floods.  The  hardness  and  dcptlj  ot  the  slimy  bank  su.iiuest  to  the  un- 
prejudiced niiii'l  t lie  pussiitility  of  iierc  dijiuiniif  out  one's  habitation. 
It  is  a  continuous  ileseeni :  the  valley  bidadcns.  the  lioii/.on  becuajes 
visilde,  n  vast  extent  of  land  is  Lrraduall\  pcicei  \  cd.  and  not  a  sound, 
uot  auiovcinent  to  suggest  the  approacli  to  a  populous  village.  Below 
there  however  to  the  right  is  the  Gelaa  Matuiata,  which  appears  to 
the  eye  with  its  abi  upt  descent  and  its  extensive  terrace  like  a  natural 
fortress,  where,  many  a  time  during  the  course  of  a  turbulent  history, 
the  uatives  have  fonml  a  refuge.  To  the  left  is  the  west  .Matnmta,  out- 
lining the  yellowish  course  of  its  dried  bed,  dotU'd  here  and  therewith 
stattered  olive  trees.  Matmata  Bled  Kebira,  the  large  town  of  Mat- 
inatia,  is  in  tmth  at  oar  feet  without  our  having  iierceive4l  it.  Let  us 
approach.  Traees  of  its  presence  become  gradually  apparent.  Eleva- 
tions and  corresponding  depressions  in  the  land  become  clearly  defined, 
and  the  white  Konbba  of  the  Mohammedan  priest,  Sida-Monya  appears 
at  the  tarning  of  the  footpath  informing  us  that  these  ancient  people, 
with  their  strange  manners,  whom  we  wish  to  approach,  have  submitted 
to  the  destructive  inHueuce  of  Islam,  and  have  iu  consequence  pre* 
served  only  a  few  of  those  valuable  survivals  which  we  are  so  desirous 
of  stmlying. 

In  Egypt,  among  the  wretched  dwellings  inmutilatcHl  pyramids,  and 
in  the  double  dovecots  which  remind  one  of  the  old  Pylons;  in  the 

acrox>olises  of  Zenatia  at  (lliaiian  and  Kabylie,  iu  a  woi*d,  over  the 
whole  of  northern  Africa,  the  h'onhba  of  the  priest,  the  minaret  of  the 
mosque,  symbols  of  triumphantMohammcdaiiism,  strike  theartlneologist 
and  ethnologist  a.s  something  abnormal,  ami  1  may  say  entirely  out 
of  place.  These  rural  convt ructions,  unsightly  in  themselves,  and  in- 
congruous when  phuted  side  hy  side  with  those  of  the  natives,  in  the 
midst  of  wliich  they  are  conspicuous  on  account  of  their  form  and  color, 
disturb  the  harmmiy  of  tlx'  landscape,  recalling  at  flic  san»e  time  the 
cruel  strttggles.  by  fire  and  arms,  for  »'on(|TH»st  anil  i-onversifui  t(»  the 
religion  of  the  conquerers.  The  abru[>t  tdill's  ol  Mount  Di'inn  were  not 
able  to  arrest  the  Hillalien  ( ?)  invasion,  and  Matmati,  the  Troglodyte, 
has  been  since  then  a  goud  ^^ussulma^l. 

Two  other  Koubhax  appear,  then  a  .square  white  house,  ihe  abode  of 
the  religtoiis  chief,  then  the  <iar  of  the  civil  and  military  chief,  the 
(j;diph  Ail  U aid  iv aid  Ahmed. 
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This  dar  is  coinposed  of  tiw  parallel  cliainbers  in  masonry,  whicli. 
beyond  tlu'  first  glance,  arc  not  Troglodytic  in  cliaractor.  A  small 
quantity  oi  1(K)so  carili  has  lu  en  carried  for  ap|H'aranr*e  sak»^  onto  the 
terrace  which  siuinoiuits  the  structure.  In  tin's  detail  the  lesidence  of 
Ali — Berber  in  stylo  althoufih  strongly  Aralii/ed — is  that  ot  the  great 
semi  siMientary  chiefs,  which  one  lueet^  with  luure  especially  iu  the 
interior  of  Tunis. 

One  of  the  last  surface  struetni-es  is  an  old  cistern,  of  wlii<'h  the 
partially  deniolisiictl  arches  bring  to  mind,  by  their  form  and  construc- 
tion, those  of  .Mulga,  at  Cartilage. 

The  remainder  of  the  village,  which  extends  over  4  kilonieters  and 
contains  more  than  2,(MK)  inhabitants,  is  entirely  under  ground.  The 
dar  evviii,  wbick  shelters  us,  I'overs  a  vast  cave,  descent  into  which  is 
made  by  a  semi-eircular  declivity.  It  is  a  part  of  the  dwelling  of  the 
ancient  chiefs,  constructed,  Ali  informs  ns,  in  the  time  of  the  Komans, 
which,  to  the  good  Caliph,  seemed  to  stand  for  the  most  remote  period. 
The  excavators  who  executed  this  ancient  work  had  to  penetrate  first 
through  the  calcareous  clay,  which  forms  the  soil  of  the  whole  valley; 
then  through  a  pebbly  conglomerate,  and  finally  through  a  quai  ry  of 
hard  millstone,  which  forms  the  floor  of  the  grotto.  A  second  excava- 
tion, of  more  recent  origin,  is  dug  out  of  the  clay  a  little  higher  and  to 
the  right  of  the  first.  This  serves  as  a  stable  for  the  horses  of  AJi. 

Dwellings,  stables,  cattle  sheds,  workshops,  and  factories,  everything 
in  the  village  of  Matmatia,  are  likewise  excavated  from  the  clay.  In 
one  instance  the  descent  is  made,  as  in  the  caves  of  the  abode  of  the 
Caliphs,  by  means  of  an  incline  more  or  less  perpendicular,  and  lighted 
firom  without;  iu  another  it  is  necessary  to  seek  an  entrance  through  a 
tunnel,  which  terminates.  :ifter  several  windings,  in  an  interior  court, 
more  or  less  regular  and  ]iglite<l  from  above  at  the  sunnnit  of  the  allu- 
vial peak  of  the  elevation  from  wiiich  the  dwelling  has  been  dug. 

A  little  factory,  which  we  can  enter,  gives  a  good  idea  of  the  manner 
in  which  \vork  is  carried  on  by  tradition  among  the  excavators  of  Mat 
matia.  It  is  an  oil  factory,  composed  of  three  compartments,  the  first 
of  which  commands  the  other  two  and  is  lighted  by  an  arched  door,  to 
which  a  straiglii  tliglit  of  steps  gives  access.  The  two  deep  chambers 
remain  nnlinished,  a  wall,  cfuisisting  of  a  inass  of  earth,  dividing  one 
irom  the  otln'r.  The  interior  was  dng  out  with  a  ■[)i<'k-axe,  torming 
arches,  and  there  remain  cubes  .sulliciently  large  t<»  snpport  the  e<'nter. 
The  largest  loom  (  (mtainetl  the  mill  and  its  accessories,  resembling 
clos«^ly  the  apparatus  used  all  ov«'r  the  lierber  states. 

The  entrance  to  this  primitive  fa<*tory  is  ornamented  with  a  row  ul^ 
uncemented  stones  aroiuid  theapertnr<'  forming  the  entrance.  The  de 
tail  of  this  ornanu'iitation  recalls  the  cusioin  among  ancient  l>uilderst»f 
covering  the  fnnilof  their  subterranean  d\\  ellinci's  witli  a  lacinii of  stone^^, 
in  more  or  less  regular  lines.  Not  far  Irom  i  lii-  dar,  a  son  ul  palace  (be- 
longing to  a  very  remote  periotl  and  for  the  most  part  in  ruins,  where  I 
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have  been  able,  to  uiake  some  rt'scjircln's,)  cuiilaius  in  iis  iiitt-rior  court 
fayades,  completely  provi(bMl  wirh  w  alls  wliere  (Uh'p  vaulted  chaDibei  s 
open  on  two  elevadous.  The  dwelling-  of  the  cliiel.  the  stables,  and  the 
cattle-sbeds  formerly  occiqticil  the  «*Tonnd  Hoor.  The  situkn  or  store- 
rooms were  constructed  in  stories,  to  climb  to  whicli  one  clings  to  large 
stones  J uttiuff  out  fr<»m  the  wall. 

ll  lilt'  fa(;ade  presents  an  ornamentation  nf  stcnuis,  nothing  is  seen  in 
the  interior  but  calcarcMms  i  o<'k  :ind  u  sort  of  loam,  still  showing  the 
ridges  made  by  the  irregular  strokes  of  the  pick-axe  of  the  ancient 
builder.  Neither  stone,  wood,  nor  iron  appears,  only  the  soil  of  a  red- 
dish or  yellowish  gray,  dry  and  hard,  in  which  rare  snail  shells  are  foand 
hero  and  there.  If  a  ring,  upon  which  to  hang  a  lamp  or  to  which,  to 
fosten  a  horse's  halter  is  reiiuired,  these  shells  are  utilized,  being  placed 
in  the  most  convenient  and  conspicuous  point  in  the  room  or  stable. 
Niches  take  the  place  of  cupboards,  and  benches  along  the  side  wall 
serve  as  beds  and  chairs. 

These  apartments,  like  all  the  others  which  we  saw  among  the  Troglo- 
dytes, are  quite  regularly  vaulted,  althfnigh  the  arches  are  keel-shaped, 
tiie  sides  being  slightly  curved  and  the  extremities  perceptibly  drawn 
together.  We  are  reminded  of  an  old  boat,  turned  upside  down,  keel 
in  air,  lying  upon  the  sea-shore,  under  whiclt  the  poor  gatherer  or  waif 
may  And  a  shelter. 

In  thus  recognising  nautical  forms  in  the  most  essential  lines  of  the 
architecture  of  the  Troglod.\i;es,  I  suddenly  recollect  the  rustle  babi- 
totions  {mapalid)  of  which  Rallust  speaks  in  the  eighteenth  chapter 
of  his  (classical  work  on  the  Tuirnrthan  war.  In  summing  up  the  tra- 
ditions of  the  Province,  which  he  governed,  and  which  he  must  have 
thoroughly  known,  he  mentions  the  death  of  llercule^^,  and  the  disper- 
sion of  his  army  compos^^l  of  vai-i(ms  nations.  Modes,  Persians,  Arme- 
nians crossed  over  to  Africa  in  their  ships  and  occupied  the  seacoast. 
The  Persians  are  the  most  remote  from  the  ocean,  the  most  eastern, 
and  conseqneiitly  occupy  that  region  adjoining  Syria;  and  since  they 
do  not  And  building  material  upon  this  inhospitable  shore,  and  the 
vastness  of  tlte  sea  and  ignorance  of  thv  language  of  their  neighbors 
deprive  theiu  of  the  menus  of  ]>ro(  nring  stich  material  by  purchase  or 
exchange,  tiiey  li;iv(^  buili  tor  tliemschcs  shelters  out  of  the  hulls  of 
their  ships;  and  Sallnst  adds  that  the  buildings  <>f  their  descendants, 
ca]ie<l  inn])nHiu  obh)ng  <'onstructions  with  eurvcd  sides,  resemble  the 
keels  t»f  slii|>s,  the  abotles  (»f  tlieir  ani-estors. 

Not  so  very  long  ago,  when  the  etlinogra])liy  «'f  Africa  was  practi- 
cally unkiiow  n,  an  attempt  wns  made  to  explain  the  survivals  indieatM 
by  the  iiotnau  historian  by  likening  the  mtipniia  which  he  descrii)es  to 
the  tents  of  the  wandering  tribes  of  the  lofty  table  lands  of  the  Atlas. 
In  hist<ny,  as  in  govennn^nt,  the  Ik'rber  and  the  Arab  are  ( (nifounded, 
to  the  great  prejuflice  of  oiir  Abit-itn  polit  y,  and  in  the  sanje  manner 
the  ciunmentators  of  Sallust  ignored  the  essential  difl'ereiices  which 
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exist  lu'twi'tni  the  solid  buildiiijxs  of  the  ancient  inhabitants  of  the  soil 
and  the  temporary  movable  abodes  of  the  shepherds,  whose  migration 
to  Magreb  is  comparatively  recent.  The  true  mapalia  are  keel  shai>ed 
constructions,  long,  narrow,  and  low.  of  which  the  iuuturs  of  Mettamer 
and  of  Medennic  in  Araad  represent  the  most  perfect  type,  and  whioh 
onr  Trogluiiytes  of  Matmata,  d'Hadeje^  etc.,  have  adapted  to  their  spe- 
cial needs* 

IL 

Salbist,  in  ending  his  diaper  on  ethnology,  describes  the  strangers 
whom  h'^ciid  brings  to  the  shores  of  Africa  as  mingling  with  tlie  native 
Gctules,  and  increasing  rapidly,  from  wliicli  alliances  have  sprung  the 
great  nation  of  the  ^'umidiaus,  soon  spreading  over  all  the  territory 
about  Carthage. 

The  uncertainty  as  to  oi  iuiii,  thus  attributed  by  tradition  to  the 
Nuniidhms,  manifests  itself  even  in  our  day  in  regard  to  the  Berbers 
of  Tunis  in  general,  and  particularly  among  those  of  the  mountains  of 
the  south.  A  special  ethnical  type,  of  which  the  large  islandof  Djerba 
is  the  princiiial  center  of  habitation,  here  oomes  in  contact  witb  another 
type,  no  less  characteristic,  which  predominates  in  the  DJerid.  The 
t^'pe  of  the  Djerabi,  which  corresponds  to  the  foreign  population  which 
Sallnst  represented  as  landing  on  the  shore  in  the  vicinity  of  Syria,  is 
distinguished,  at  the  first  glance,  by  a  very  clear  complesdon  of  a  dead 
white,  or  else  slightly  bronzed,  relative  shortness  of  the  head^  and 
roundness  of  the  face;  the  nose  is  straight,  the  lips  thin,  the  chin 
ronuded.  The  type  of  the  Djeridi,  descendants  of  the  ancient  Getnles, 
is  characterised  on  the  contrary  by  dark  coloring,  almost  that  of  a  mn- 
IattO|  a  long  and  narrow  skull,  a  high  forehead,  retrouss^  nose,  thick 
lips,  and  receding  chin.  I  have  found  these  two  ethnical  types  weU 
dislingnished  by  Dr.  Collihnou  in  the  two  Caliphates  of  Matmata.  The 
first  seemed  to  me  to  predominate  at  Hadeje;  the  second  prevailing  at 
Matmata  Bled  Kebira. 

Besides  these  there  were  seen  here  and  there  in  the  mountains,  per- 
sons without  doubt  of  Zanatian  origin,  who  recall  our  Kabyles;  a  few 
half-breed  Arabs,  and  also  a  small  number  of  negroes,  more  or  less  Ber- 
ber in  type,  exercising  in  general  the  important  profession  of  water-car- 
riers, but  transforming  themselves  in  an  obliging  manner  into  musicians 
for  local  fetes. 

The  Matmatians  are  at  the  same  time  shepherds  and  husbandmen. 
They  raise  herds,  of  which  goats  and  sheep  predominate.  The  wool  of 
these  animals  they  take  to  the  coast  to  sell,  sometimes  raw  and  some- 
times woven.  They  cultivate  barley  and  whejit,  the  date,  olive,  and 
fig,  the  products  of  which  transpcu  UMl  to  Gabes  enable  them  to  acquire, 
by  exchange,  a  quantity  of  tbreign  objects  which  more  and  more  take 
the  place  of  the  articles  which  they  formerly  fabricated  for  themselves. 
1  found  in  the  house  of  Aii  porcelains  of  Limoges,  ordinary  glassware, 
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a  tin  lanteru  ol"  rarisiaii  maiiufactiiro.  copper  4'andleaticks,  wax  caiHlles, 
white  suffar.  a  bottlo  of  ink  lium  Iiijuii,  ;i  pair  of  spectiicles  with  silver 
rims,  knives  fnmi  Cliat^^lerault,  knives  iiiid  forkn  of  rnohj  etc.  Nothing: 
of  home  marmtac  tnre  reiuaiiied  in  the  snrrouudings  of  the  jirood  okl 
man  exeeptiniG:  th(^  ^iw  wool  of  the  huinous,  the  niii  from  Oudref 
spreiwl  ill  our  room,  and  tin  laij^e  dishes  in  busketwork  and  wood  on 
which  the  abuiuhiut  diffa  was  served  to  us. 

This  is  the  ease  at  Hadeje^  as  w«'ll  as  everywhere  else. 

All  that  has  not  succund)cd  to  European  influence  is  distinctly  Arab. 
Food,  clothing,  ornaments,  arms,  etc.,  suggest  in  appearance  thoi^e  of 
the  nomads  of  the  neighhoring  desert 

Their  social  condition  is  very  similar  to  that  of  the  Arabs,  whom  the 
Matmatiiwig  imitate  as  closely  as  possible  so  long  as  it  entails  nothing 
oontrary  to  their  traditional  legislation  (Kaoonn).  They  possess  a 
Zaonlay  who  etyoys  a  gi-eat  reputation  in  the  mountains,  and  their 
religions  rites  follow  closely  those  of  the  dissenting  Ibbadites,  whose 
beliefe  they  share.  They  bury  their  deiul,  according  to  Arabian  custom, 
in  shallow  graves,  so  near  the  snrfiice  of  the  earth  that  a  poet,  in 
visiting  the  spot,  has  been  able  to  say  without  exaggeration  that  in 
this  strange  land  the  dead  occupy  the  place  of  the  living,  while  the 
living  <*have  for  habitation  true  sepulchers.''  "When  you  see  them 
come  Ibrth,''  the  Arab  poet  goes  on  to  say,  '<it  seems  as  if  they  were 
nsmg  for  the  day  of  judgment.'^ 

Beni-Zelten  and  Toiviane  mark  the  extreme  eastern. limit  of  the 
country  of  the  Troglodytes.  The  Berber  language  is  again  heard  when 
beyond  the  last  inhabited  cave  the  terraces  of  the  dreary,  gray  houses 
of  the  Zanaitia  re-appear,  overlooking  in  the  distance  the  steep  cliff,  the 
extended  plain,  and  the  sea. 
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By  Otis  T.  Mason. 

The  purx)ose  of  tliis  sammary  is  to  draw  attention  to  coiubined  aud 
organized  resoarces^  rather  than  to  individual  effort.  The  number  of 
books,  pamphlets,  papers^  etc.,  read  before  societies  and  general  meet- 
ings and  coiigie.sse»,  and  of  articles  in  current  periodicals,  is  so  great 
that  it  were  impossible  to  enumerate  them.  Furthermore,  this  is  not 
necessi^iy  now  as  formerly,  since  several  of  the  organs  of  anthropohjg- 
ical  societies  publish  great  lists,  and  special  journals  in  each  division 
of  the  subject  pay  great  attention  to  bibliography*  To  American 
readers,  particularly  to  those  who  desire  to  commence  a  course  of 
anthropological  studies;  the  following  should  be  accessible : 

2%e  American  An^rcpalagist,  Washington ;  ArehivfAr  Anthropologies 
Braunschweig;  Arekivioper  V  Aniropologiaf  Firenze;  Bulletins  dela  So- 
dHi  ^Anthropologie  de  Paris;  Intematianales  Arehivfur  Etknographief 
Leyden;  Journal  of  the  Anthropoloffical  Institute  of  Great  Britain  and 
Ireland^  lAmdon}  l/Anthrapoloffie^  Paris;  Mittheilungen  der  Anthropth 
lagiscken  Oesdlsohajt  in  Wien;  Eevue  MensueUe  de  PBeole  d^Anthropo- 
logie,  Paris;  VerlumdX'mgen  der  BerUner  Oesellschaft  fur  Anthntpoloffief 
ete^  Berliu ;  Zeitsehrift  fur  Ethnologies  by  the  same  society. 

Journals  of  i)()pular  cliai'actcr  which  can  iH»t  ln'  neglected  are :  Acad- 
emt/y  London ;  The  American  Xaturalisty  New  York;  Athemvum,  Tiondon; 
Auslandy  Stuttgart;  Naturej  London;  Popular  Sctenee  MontMyj  New 
York;  Hevue  Seicntifiguej  Parts;  Seieneef  New  York. 

The  address  of  Prof.  ^lax  iM  idler,  as  vice  president  of  tlie  section  of 
anthropology  in  the  British  Association,  at  the  meeting  held  in  CanlifV 
in  August  of  this  year,  was  a  review  of  llic  forty  years  during  which  he 
had  taken  part  iu  this  organization.  In  tiiat  early  day  there  was  no 
seetion  of  anthropology,  the  stu<ly  of  mankind  being  relegated  to  sec- 
tion D  {zoiiloffy  aud  botany).  In  1S51  section  E  {geoffraphy  and  ethnology) 
was  formed,  tlie  former,  however,  more  and  move  absorbing  the  latter 
until  1SS4,  wluMi  scrtiou  H  [anthrnpolupi/]  was  or;^anized.  In  1847  the 
<lel»ates  on  etlinoloLry  \rcr<'in<»st  popular,  shared  in  ])y  ^liillcr,  IM  ichanl, 
Latham,  Crawford,  lJuiiscn,  Karl  Meyer,  Prince  iincien  Bonaparte,  aud 
patronized  by  Prince  Albert.   Iu  Prof.  MiiUer'b  addresi^^  the  prophecies 
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of  his  first  meetiu^'  are  delighttiilly  referred  to  in  conueetiou  with  their 
fkilfinment  of  to-day. 

The  following  commuuieations  were  made  before  the  section  of 
anthropology  in  1891 : 

Scwial  and  religions  ideas  of  the  Chinese.  By  R.  K.  Dou|;laa. 
Analysis  of  vowel  soanda.   R.  J.  Lloyd. 

Fainilv  lifo  of  the  Ilniilas.    Cliarlft*  Harrison. 

Report  of  the  north wostt-rn  tribes  of  ("uuada.    Ity  th«j  Cumniittee. 
On  the  work  of  Miy.  J.  W.  Towell.   Max  Miilh-r. 

Ancient  language  of  the  natives  of  Teneriifis.   By  t  he  Marquess  of  Bute. 
The  limits  of  savage  religion.  F*  B.  Tylor. 
Gonvadc.   H.  Ling  Roth. 

CiiRtotiiH  of  the  natives  of  As8aiu.«  S.  E.  IVal, 
fiuria]  ciiHtoms  of  New  Urituiu.   li.  Dauks. 

Barbacic  elements  in  ancient  Greece  and  Italy.  G.  Hartwell  Jones. 
The  Uoroeeo  Berbers.  J.  £.  B.  Heakin. 

On  the  worship  of  the  meteorites.   11.  A.  Newton. 

Ancient  Welsh  rnstoms,  ftc.    Dr.  T'hciit'^. 

First  8<'a  \vnn<l<'rini:s  nf  the  English  race.    W.  >r.  Ailams. 

Old-World  Ui^vihs  anil  tliu  Navajo  "Mouutaiu  Lliuut.'    A.  W.  Auckland. 

East  Central  African  enatoms.  By  J.  Maodonald. 

Report  of  the  j^ehistorie  inhabitants  committee. 

Report  of  the  Elbolton  rave  eomniittee. 

Instinctive  criminalitv.    Hv  S.  A.  K.  8trah»n. 

The  anthropometric  method  ol  identilyiug  crimiual».    By  J.  G.  Garoou. 
Recent  Ilittite  discoveries.    By  Dr.  Fhentf. 

The  Simitkameen  Indians  of  British  Colnmbia.   By  Uia.  S.  8.  Allison. 

Nicobar  iMittery.    By  £.  H.  Man." 

Report  uf  tho  anthropotnetric  latiorntnry  eommittce. 

Rt  port  uf  the  anthropiiiogii  al  uot«6  and  (ji^uerics  committee. 

Report  of  the  Indian  ( 'ommittee. 

The  FreiK'h  A.ssociation  for  the  A<1  vaiuriucnt  of  Scii'iice  lu'ld  its 
twentieth  session  i?i  Mai  scilk's,  September  17-24.    In  the  eh'venth  .<ec 
tion,  devoted  to  anthropology,  the  ioiiow  iug  papers  of  general  interesst 
were  read : 

M.  Fanvollo:  Succession  of  cnvirouuieut»  iiibabitud  by  the  neries  of  man's  ancestors. 
Delisle:  Artificial  deformation  of  the  skull  in  France.  The  eoiffares  which  pro- 
dnce  them  and  the  chart  of  their  distribution. 

Philippe  Ivey :  The  .skull.s  of  tho  iii.sane. 
I'.nii'st  Chantre:  Teople.H  of  Knssi  in  Arnicnin. 

Ernest  Chautre:  Etliuojfraphic  objects  from  the  ivurdn  of  Mount  Ararat. 
M.  Layard:  Obsidian  from  TeuerilVe. 

G.  de  Hortillet :  The  ]>aloolitbic  opoclui  in  their  relation  to  tho  Alpine  glaciers. 
F.  Barthelemy:  Glacial  depoHitn  and  diluvial  deiiositaof  tho  Mueilla. 

Gnstnvf  f'hauvet:  ( 'lassitioation  of  (^a:it«'rn:iry  times  in  Chauvant. 

A.  de  Mortillet:  Tho  value  of  objects  of  human  industry  as  an  element  in  classifying 

(quaternary  deposits. 
II.  Tardy:  Prehistoric  religions  monuments. 
If.  Pallezy :  The  hand  in  Jewish  and  MusHUlman  traditions. 

A  novel  feature  of  tlds  meeting  wa.H  the  ehoice  of  a  aubject  for  special 
discussion  at  the  ineetinj?  to  be  held  at  Pan  in  1892  under  the  pres- 
idency of  Dr.  Magitoty  namely^  the  criminal  type  fW>in  the  anthiope- 
logical  point  of  view. 
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The  Paris  school  of  Aiithropolo.£*^y  not  only  rontinucd  its  coursp  of 
lectures,  but  provided  tur  their  widespread  iiitliu  iK  o  and  jierpetiiatiou 
by  establishing  a  monthly  joiirnal.  Revue  Mevsudlr  dc  V A  vihropologie 
de  Farvf,  The  course  ui  iecluies  duiiug  the  yeui'  iuciuded  the  follow- 
ing:: 

(i.  th"  Mortillet:  Tbo  origin  of  agriculture. 

AuUro  hefevre:  Liuguuitic  evoluiiou;  or igiu  uf  articulate  lauguago. 
G.  HervA  z  Q^eral  natoial  hUtory  of  man  and  of  tbe  limnan  raftea. 
J.  V.  Laborde:  The  inatlnctive  and  the  intellectttal  fiinctions. 
Ifahoudeau:  Histology  of  tbe  skin,  its  attachmenta  and  the  (trgans  of  sense. 
Bordier:  Arrlimation.  Rule  of  tbe  interior  environmeut  in  tbe  phenomena  of  ao- 
cliinatiou. 

Majiouvri<;r:  Human  anutomy  auii  its  rulutioua  with  psychology. 

Letourneaa :  Mythologio  evolution  among  the  human  raoos. 

A.  de  Mortillet :  Indnatry  among  prehistoric  peoples  and  among  modem  saTagea. 

The  Kinth  International  Congress  of  Americaoists  was  annonnced  to 
meet  in  the  Convent  of  Santa  Maria  de  la  Babida^  in  the  province  of 
Haelva,  Spain,  from  the  7th  to  the  11th  of  October,  1892.  at  the  close  of 
the  session  of  the  Congress  of  Orientalists,  to  be  held  in  Seville  Octo* 
ber  1  to  0.  To  celebrate  the  fourth  centennial  after  the  discovery  of 
America,  extraordinary  preparations  were  made.  The  naming  of  tbe 
continent,  the  voyages  of  Colnmbns,  the  government  of  the  Indians  by 
the  different  conntries  interested,  and  the  infineuce  of  Europeans  upon 
the  aboriginal  habits  and  govern nients  and  kindred  triples  were  to  be 
made  prominent.  Tlie  archieologic,  ethnographic,  lin^ui.^tie,  and  hi8< 
tone  papers  and  debates  were  selected  and  ordered  with  reference  to 
the  one  absorbing  event  of  the  year. 

The  American  As.s(Ktiatiun  for  the  Advancement  of  Seience  met  in 
Washington  under  tlie  patronage  of  a  joint  coniniittee  of  all  the  scien- 
titic  societies.  The  Anthropological  Society  of  Washington  and  the 
Wonien\s  Anthropological  Society  were  esi>ecially  active  in  giving  suc- 
cess to  their  section.  Papers  germane  to  tbe  study  of  man  were  not 
eoufiued  to  Section  H.  The  presidential  address  upon  the  possibilities 
of  the  vegetable  kingdom  for  yielding  new  plants  to  the  service  of  man 
was  practically  an  anthropological  i>aper.  Tlie  ;:<'f»l(»i,'-i(  nl  section  al.sn 
listened  to  papers  oti  the  (juaternary  that  can  not  lail  to  be  iiistiiictive 
to  students  of  thp  antiquity  of  man.  Section  I.  dev'itcd  to  economics 
and  social  problems,  divided  the  time  of  maoy  anf  lnopnloLrists  with 
Section  H.  Prof.  J astrow  presided  over  v'^cctiou  II,  and  (  hose  ns  his 
theme  "Analogy  as  a  basis  of  argtnnejit  among  lower  races  and  among 
the  Folk."  Sug-restions  were  made  relative  to  the  formation  of  a  sec- 
tion of  psyclinlogy  111  the  association,  but  it  was  thon^lit  that  more 
would  be  lost  tlian  gained  by  divciting  attention  from  the  general  sec- 
tion of  anthropology.  The  Washiugtou  meeting  was  espc(  ially  la  voi cd 
by  the  bringing  out  of  MaJ.  Powell's  Linguistic  Map  of  North  America, 
by  pajx  rs  of  Mr.  Frank  Cu.shinu,  and  by  a  minnte  recital  of  the  ghost 
dance  by  Mr.  James  Mooucy,  who  ha<l  been  participatinjjj  tbereiu  lor 
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several  weeks.  The  s]>]einli(l  cullectioiis  of  the  National  Museum  and 
of  tlie  Army  Mediral  Mus^nini  wcie  tlirown  open,  visits  were  made  to 
the  Piney  Bi  juk  1  Ixtwhler  f|UaiTies  and  to  other  aUoriglual  remains  in 
the  vicinity  ot  t  In*  caiiital. 

T]w  Idllowiiig  papers  were  road  before  Section  H  of  the  American 
An>();  iation  fnr  lije  Ad vaiictMin'iit  of  Science: 

Tbf  chtftnitnilK  of  a  good  edin  ;iti<in.    W.  H.  >S<'aman. 

Kava-driukiug  autoiig  the  i'upitauH  and  PoIjuosuujb.    Walter  Iluugb. 

A  lingaistio  map  of  North  Ainorica.  J.  W*  Powell. 

Jftfle  impleinMito  from  Mexico  ami  Central  America.  Thomaa  Wibon. 

Gold  omamenta  in  thr  rnttvd  States  National  Musenni  ftom  the  United  States  of 

(.'oloiiibia,    TlmtiKis  WilRon. 
Siouau  onouiatopc'4  iiiii-rjt  rtion  and  phouetir  typ(>8.    J.  O.  Duraey. 
Ou  a  coUectieit  of  stoui;  ih|>os  ttom  Vermont.  G.  H.  Perlrins. 
An  ezperinieut  in  bnmau  stirpioultnre.  Auila  Newromb  McGee. 
Relit'H  of  aiK  icnt  Mi  xicaii  civilization.   Zelia  Nuttall. 
Bow-gtr<  ti'her8.    I'd  ward  S.  Morso. 
Prt'liii^toiic  bo\v«.    Eilward  S.  Morse. 
The  Nez  I'erce  country.   Alice  C.  FU'trher. 

Belatioo  of  a  Loveland,  Ohio,  implemont-b^aring  terrare  to  the  moraines  of  the  ice 

sheet.  Frank  I^ev«>rctt. 
Utility  of  physical  Htudy  of  child  lift*.    T.uura  OHlxntie  Talbott. 
Origin  of  the  name  'M 'liautauqua."    All>tMt  (latsclut. 

Outliuea  of  Zuui  creation  and  migration  niytliH  couHid(!r<Ml  in  their  relation  to  the 

Ka-ka  and  other  dramas  or  so-called  dances.  Frank  Hamilton  Cnsbing. 
An  ancicmt  human  cranium  from  southern  Mexico.  F.  W.  Pntnam. 

The  length  of  a  generation.   C.  M.  Woodward. 
Burial  custinns  of  the  Huror»(*.    ('?i:irlrs  A.  HirHchfcldcr. 
The  MesKiah  religion  nnd  tlie  ghost  dance.    Jauie8  Moooey. 
Study  of  a  dwarf.   Frank  iiaker. 

Stone  drills  and  perforationa  iu  8toue  from  the  Susquehanna  River.  Atreao  Wanner. 
EvideDce  of  the  high  antiquity  of  man  in  America.   ThomaH  Wils(»n. 
On  hone,  copper,  rmd  ^]:\\<-  iiii)d(«mcut8  fmnid  in  Vprinont.  G.  H.  Perkins. 

f^nnie  archaM>lni,Mi  ;d  cinitrav  (  III iims.    (Jeranl  Fowke. 

Un  the  distribution  of  Hton«9  iin[iicmcnt»  in  the  tidewater  provtneeH.    W.  H.  Hohues. 
Aboriginal  novaenUte  quarries  iu  Arkansas.  W.  H.  Holmes. 
Games  of  Teton  children.  J.  Owen  Dorsey. 

Geographical  arrangement  of  prehistoric  objects  in  the  United  States  National  Mn- 

8cnm.    ThomaH  Wilson. 
Curious  forma  of  chipped  Ktoue  implenieutM  found  iu  Italy,  UouduroM,  and  the 

United  States.  Thomas  Wilson* 
Inventions  of  antii|uity.  Thomas  Wilson. 
Study  of  aiitoHKitic  motion.   Joseph  .lastrow. 

Race  HurvivalH  and  race  mixture  in  (tr<at  liritaiu.    W.  H.  Hai>cock. 

The  Smitbsonian  lostitutioii  issued  t  wo  annual  re]><)rts  in  1891 ,  besides 
Beparate  papers  in  the  ]>ioceeding8  of  the  I'nited  States  National  Mu- 
seuin.  The  Hureau  of  Ktlinology  published  its  Seventh  Annual  Report. 
]8Sr)-\S(»;  CatalojriUMif  Prehistoric  Works  East  of  the  l^ocky  Mountaiius, 
by  Cyrus  Thomas;  Omaha  and  Ponka  Letters,  by  J.  Owen  Dorsey; 
I?jbliofrrn])hy  of  tln^  Al{?onquian  Language,  by  J.  C.  Pilling;  The  Kla- 
math lr;(liaiis  <iC  Southwestern  Orefr<>n  H'^wf.  to  N.  A.  Ethnol.,  vol.  II). 
by  A.     Gatsehet  j  The  Dhegiha  Language  {Cant,  to  S,  A,  EtknoL^  voL 
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VI),  by  J.  Oweii  Dorsey ;  A  Dakuta  Eiij;li»h  Dictiouaiy  {Cout.  to  A\  A, 

Eihnoi..  vol.  vii).  by  SteplNMi  \\.  Kifr«j;s. 

Tiie  rapid  popularization  ui  iiiilhrupolu«;i('ul  knowledge  of  the  best 
sort  is  see!j  in  the  Couteiuporary  S(;ienfe  S(ni<'s,  edited  by  Uavelock 
Ellis  and  publishtid  by  Walter  fcJcott,  London.  The  voiumcii  already 
advertiseil  are: 

1.  The  evolution  «»t  sex.    Hy  1*.  flothl««H  arnl  J.  A.  Tliuiuiivn. 

2.  Electricity  iu  muduru  lifo.    liy  dc  Tuuzulnuui. 

3.  The  origin  of  the  Arynus.   By  Isauio  Taylor. 

4.  Phy.Hiojjjnoiuy  ami  oxpr«*sMii)n.    By  P.  MAiitegazxa. 
;".  Evolution  and  di.srast*.     liv  J.  li.  Sutton. 

6.  TIh'  villajje  eoniiiniuity.    By  Ti.  L.  (.lomiiio. 

7.  The  i-riiuiuul.    Jiy  Uuvolock  Klli». 

8.  Sanity  and  iosanity.  By  Charles  Morcier, 

9.  Hypiiotlam.   By  Albert  Moll. 

10.  Maun.nl  traiuinj:;.    Hy  C.  M.  Woodward. 

11.  TliPt  sci«Micu  of  fairy  t:d<!.s,    Hy  K.  8.  HartlnnU. 

12.  Primitive  folk.    Jiy  Kile  ItccliiH. 

13.  The  evolution  of  marringe.  By  M*  Letoumean. 

14.  Baoteria  and  their  prodacts.   By  G.  8.  Woorlheait. 

15.  Eduention  and  heredity.    Wy  .1.  M.  (iuyati. 

16.  TLo  man  of  geninn.    Hy  t'cHnre  Lonibroeo. 

For  the  purpose  of  i)erletttiii|^  orj^anizatiou  and  bringing  together  the 
various  associations  iu  our  (!()uutry  devoted  to  anthrojxdogy,  the  Ameri- 
can Oriental  Soeiety  appointed  a  comndtteeto  learn  if  it  were  pra^'-tica- 
ble  to  open  negotiations  with  other  phihdogieal,  areliu'olo^jrii^al,  and  eth- 
nological societies  with  a  view  to  a(lo[)ring  a  <-oniiii(>ii  time  and  ]>Iaee 
for  meeting  evety  other  year.  The  t'oilowiug  asi^ociatiuiii^  are  iuuluded 
in  the  list: 

The  American  Orif  tttril  Society.  1K42. 
The  American  Philological  AtMoviatiun,  1S69. 
The  ArduBologlcat  Inatltnte  of  America,  1879. 
The  Anttiropological  Society  of  Washiugton,  1879. 

The  Society  of  Diblieal  Literature  and  £xegesis,  isso. 
The  Modern  Lauguftgo  AHHoriatitm  of  America,  1883. 
The  American  Folk-Lore  Society,  1888. 
The  American  Dialect  Sorirty,  1889. 

The  frieuils  of  the  natni  1 1  1 1 1  4ory  of  man  will  look  forward  with  great 
interest  to  the  re.sult  of  tln>  in«piiiy. 

In  May,  18(K),  at  the  recjuest  of  several  gentlemen  in  (  "hicago,  l*iof. 
F.  W.  Putnam  outlined  a  plan  for  an  ethnological  and  archu'(dogieal 
exhibit,  particularly  relating  to  America,  as  a  desirable  and  iustructive 
Rection  of  theWorld^sColumbiaii  Exposition,  this  exhibit  to  bo  brought 
together  largely  by  special  explonvtiou  and  research  and  with  the  uu- 
denttanding  that  it  should  form  tlie  nuelens  of  a  i>erniaueiit  ethnolog- 
ical muBenm  iu  Chicago.  This  plan  was  printed  in  tht^t  Chicago  Tribune 
of  May  31, 1890. 

In  tiie  following  September,  Pr(»f.  Putnam  wan  invited  to  address  the 
Committee  on  Permanent  Organization  of  the  National  Board  of  Com* 
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missioiicici  on  the  subject  of*  an  ethiioloyieiil  and  airliu'olo^j^ical  exhibit, 
ami  ^oon  afterwards  the  lioai  d  or  Directors  in \  I  liini  to  proscni  liis 
views  before  tliat  body.  The  substance  of  these  remarks  was  pi  inird 
by  the  ("oniinittee  on  Organization  of  National  Commissioners  as  an 
appendix  to  their  report  un  .September  15,  181)0. 

In  January,  l.S'Jl,  the  Director-General  of  tlie  Exposition  invited  I'rof. 
Putnam  to  a  conference  on  the  scope  and  phin  for  Department  which 
bad  been  desi|;nated  by  the  National  Commissioners  with  the  title 
^Ktiitiology,  Archoiology,  Progress  of  Labor  and  luventiou,'^  and  ou 
February  5  Piof.  Putuam  was  officially  aiipointed  Chief  of  tbe  Depart- 
ment. 

Tlie  National  Board  of  Commissioners  aiid  the  Board  of  Directors 
are  specially  interested  in  tbe  development  of  this  department,  which 
is  so  entirely  removed  from  the  material  interests  of  the  World's  Fair. 
Tlie  understanding  is  that  from  this  exhibit  there  shall  result  a  per- 
manent Columbus  Museum  (for  all  departments  of  Natural  History)  of 
a  character  worthy  of  the  Exposition  and  of  Chicago.  This  result  will 
be  appreciated  by  scientists,  who  will  hail  with  delight  the  formation 
of  a  great  museum  in  this  central  part  of  our  country. 

In  former  summaries  attention  has  been  called  to  the  excellent  an- 
thropological  work  done  in  Salem,  Cambridge,  Worcester,  New  York, 
Cleveland,  Philadelphia,  Washington,  Cincinnati,  St.  Louis,  Daven- 
port, and  other  citiesj  but  these  by  n<>  means  include  all  the  organized 
effort  to  preserve  in  our  country  thehistoiy  and  natural  history  of  man. 
In  almost  every  American  cityof  importance  these  are  banded  together 
in  societies,  many  of  them  incorporated,  men  and  women  devot<^Kl  to 
some  branch  of  anthroi)ology.  Omitting  the  medical  societies  that 
publish  somewhat,  sulliciently  catalogued  in  the  Index  MedicnSj  the 
writer  has  sought  to  enumerate  the  organizations  in  theditierent  States 
that  are  equii)i»ed  for  anthropr»logical  work.  The  list  has  been  nnide 
long  intent iiiiiallv,  (juito  as  nmoh  to  awnkcn  an  interest  in  the  study 
of  arrlia-nlogy  jind  «  1  >'4V  ;  s  to  put  dm  i  t  cord  Iheir  existence  and 
tilt-  aiiioiiiit  of  ;rnod  ali  «'ad\  ai  rtMii|ilis]:cd  by  them.  Many  subscrii)ti(»n 
journals  in  oui  (  oiuilry  also  lend  tln'ir  pages  to  anthr<>]»olngical  pajtcrs. 
and  these  also  tind  n  ]>lace  in  t  lie  list  in  recognition  of  their  services. 
There  are  few  ].(  i  snns  who  will  not  be  surpiiscd  ut  the  great  numbers 
of  me<lia  of  <dniiiiiiiii(  ation.  Tlie  work  of  the  future  will  be  to  gather 
them  into  ;iii  organization. 

Ahiliaiua  Histtu Soi  id y,  Tiihculuoiiu.    PubHali  Alabaiua liiatoricul  Keimrter. 
Alaska  Historical  Sot'iot^v,  Sifckii. 

Alaskan  .Wioty  of  yatarnl  llUtoryaiul  Ethnology,  Sitka. 

Allcmy  ]iisiitnt«-,  New  York,    riiblisb  traoHactionH. 

AiiH'rii'jiti  Acuth'iiiy  ol' Alts  aii<i  Scifiici's,  llostoii,  Mass.    Pul»iis]i  prnr»»e<linf;s. 
AniciM  au  A»"ul«'iuy  of  rolKiral  !umI  Sorial  SrieiKT,  IMiiladelpLia,  Pa.    PubliiiU  the 

anuaU  of  the  Aincrieuu  A»  a«lt'iny  ol'  I'nlitirul  aud  Social  Sfieuce. 
Americau  AutbropologiHt,  AntUroiiologicul  Society,  Washington,  D.C. 
AniMrioaii  Aiebiaological  Aaaooiation^  Benninga,  II.  C. 
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Anthropolofripal  Sofi«ty,  Washington,  D.  0..  pnblish  Aineriran  Anthropologist* 
Aiuehcuu  Anthropometric  iiooitsty,  Philadelphiii,  Dr.  Willium  Pepper. 
AuMfieao  Antiqaarian  and  Oftental  Jottmal^  iUtutnttod,  Cfhicago,  III. 
American  Antiqaarian  Society,  W<»rQe8tor,  Mass.  Publisfi  Archtsologia  Aoierlcaua. 
American  AsBooiation  for  thb  Advanoemeut  of  Seieoee.  Salem,  Uaia.  Publish  pro- 
ceeilinjjs. 

Aniericiin  Catalogue  (The),  New  York,  otlice  ol  I'uulishers'  Weekly. 
American  Cafliolio  Historical  ReaaarohM,  Philadelphia.   Pabliab  Quarterly  Muga- 
xine. 

Ameriran  Dental  AHsociation. 

Amerifnn  E^'dnoinic  A*««ociatioii,  liaUimorn,  Md.    Pnlilirations,  rontributious. 
Ainerieau  Fotk-l^oro  Society,  Uutituu,  Mass.    Publiah  Journal  of  American  Folii- 

Lore  (qnarterly). 
American  Guographical  Society,  New  York  city.  Publish  bulletin. 
American  Historical  Association,  Washington,  D.  C. 
Americnn  IiiHtitiif «>  t»f  Chrislimi  Pliiltisopliy.  IMiiliulelphia. 
AiiifriciMi  ln<t itntr  itl' Prirrfd  l,iter;ttiire,  New  Haven. 
Amcncaa  Juuruul  of  Arclueology  and  Hi.story  of  Fine  Arts. 
American  Journal  of  Philology. 

American  Journal  of  Psychology  (The),  Clark  University,  Worcester,  Mass.  Quar- 
terly. 

Amoriraii  Journal  of  Science,  New  Haven. 
American  Library  Association,  New  York. 

American  Mosemn  of  Natural  History,  New  York  city.  Publish  bulletin. 
American  Naturalist,  Philadelphia. 

Auierican  Numismatic  and  Archa»ologieal  Society,  New  York  city.   Publish  pn>- 

ceedingH. 

Awertcnn  Oriental  Society,  Cambridge,  Mast^.    Pnblish  jonrnal. 

American  Philological  AtMuciatiou,  Bryn  Mawr,  I'a.  Transactions. 

American  Philosophical  Society,  Philadelphia,  Pa,    Pnblisb  proceedings,  trans - 

action^*. 

American  School  of  Cl:issi(  al  Studies  in  Athens,  under  patronage  of  the  Arctueo- 

Ingii  Hl  Institnte  of  Aiperieu. 
American  Social  Science  Association,  Concord,  Mass,   .iournal  of  Social  Science. 
American  Society  Ibr  Psychical  Besearcli,  Publish  proceedings. 
American  Society  for  tlie  Extension  of  University  Teaching,  1502  Chestnut  street, 

Philadelphia. 

ATiu'ri<';ui  Socit'ty  of  Church  History,  New  York.  I'apera. 

Ameiicuii  Sfiitiatical  Association,  Uoiiloii,  Hmh.    Publish  publications. 

Animal  Report  of  the  American  Historical  Association. 

Annual  Report  of  the  Curator  of  the  Museum  of  Auiericau  Arehffiology,  in  connec- 
tion with  thu  Univi  tstty  of  Pennsylvania,  Uuiversity  Archsological  Associa. 

tion,  Philndplphia,  Pa, 
Annual  Keprn  t  of  the  Peabody  .Museum  of  American  Archteology  and  Ethnology, 
Cambridge,  Masa. 

Arohieological  and  Bthnologioal  Papers  of  the  Peabo:ly  Museum,  Ckmbridge,  Haas. 
Archtecdogical  Institute  of  America,  Boston,  Mass.  Annual  Report. 

Aren:i  rTln  ),  Ilostnn.  M;ish. 
Ath<^uce  Louisiiinais  (I/),  Ni  w  <  )f  Icaus,  La. 
Arkansas  HiMloricul  Society,  Little  Rock,  Ark. 
Boston  Scientific  Society,  Bosttm,  Mass. 

Boston  Medico-Psychological  Society,  Worcester,  Mass.  American  Journal  of  Psy- 
chology. 

Boston  Society  for  Ktliii  ;i!  Culture.  niin  lirsttT.  Mns^. 

Boston  Society  of  Natural  Uislury,  liostou,  Mass.    Guides  for  Scieuou  luuching. 
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Rrooklyn  Etbicul  AaMOciation. 
Brooklyn  Institute,  Brooklyu,  N.  Y. 
Ball«tins  of  Proceedings.  Year  Book. 

Brookville  Society  Natural  History,  IJrookville.  Tad.  Hiilletiu. 

Butralo  lliHtoricAl  Society,  Bnffiftio,  N.  Y.  Annual  Report  and  Proceedings;  Tran- 

HactiouM. 

Bufiido  Society  of  Nuturskl  Scieucot»,  Huflalo,  N.  Y.  Bulk'tiii. 

California  Academy  of  Sciences,  San  Franeisro,  Oal.  Bulletin;  Memoiri*;  T'rac*!.-.! 

ings ;  Occasional  Papers. 
California  Historical  Society,  San  Frauoisro,  (!al.  Collections. 
Canatlinu  Record  of  f^cienco,  Montreal,  f'jinada. 
Cayuga  County  Historical  Society,  Aubtiru,  N.  Y.  Collection^. 
Central  Obio  8oi<»itific  Association,  Ufbana,  Olilo.  Proceeding?!. 
Century  Ifagaaine,  New  York. 

Chautauqua  Literary  and  Scientific  Circle,  Bolfolo,  N .  Y.   Chaatanqnan,  Tlie. 

Cincinnfiti  Mnscum  Association.    \rt  Academy  of  Cincinnati. 
Cincinnati  Society  of  Natural  Hi.stury,  CJituuunati, 
Clark  University,  Worcester,  Mass.    Psycho-physical  laboratory. 
Colorado  Scientific  Society,  Denver,  Colo.  Proceedings. 

Colorado,  Stat^^  Historical  and  Natural  History  Society  of,  Denver,  Colo.  Nothing 

yet  pnMishcil. 

Connecticut  Acailcmy  of  Arts  and  .Science*,  New  HavtMi,  Conn,  Transactioas. 
Daveu|K>rt  Academy  of  Natural  Sciences,  Davemioit,  iowa.  rrocu«Hliugs. 
Delaware  Historical  Society^  WUmlngton,  Del. 
Donison  Scientific  Association,  Denison.  Texas.  Memoirs. 

Des  Moines  Academy  (»f  Scieiu  i^  Dos  Moines,  Iowa.  Bnllotin. 
Rlisha  Mitchell  Scientitic  Society,  Chapel  Hill,  N.  C.  Journal. 
Elliot  Society  of  Science  and  Art,  Charluitton,  S.  C.  Proceedings. 
Essex  Institute,  Salem,  Mass.    Bulletin ;  Historical  Collections. 
Evolutionist,  The,  Boston,  Mass.  ^ 
Fairfield  County  Historical  S<»ciety,  Bridgeport^  Coun. 
Florida  Historical  S(i<  ict\".  St.  Aiij^ustinc,  Fla. 
Franklin  Institute,  rhiiadeiphia,  I'a.  Journal. 
Friends'  Historical  Association,  Philadulplila,  Pa. 
Fulton  County  Scientific  Society,  Avon,  111. 

Geographical  Society  of  the  Pacific,  San  Francisco,  Cal*  Komos  (the  official  oigaii 

of).   Tran8n<  fions;  Proceedings. 
Georpria  Historical  Society,  Savannah,  Ga.  Collections. 
Gorges  Society,  Portland.  Me.  Publications. 
Hawaiian  Historical  Society. 

Harvard  College,  Cambridge,  Mass.  Qnarterly  Jonmal  of  Economics. 
Henienway  Southwestern  Aroha'ological  Kspedition.  A  journal  of  American  Efh- 

ntdnj^y  nnd  Arclueology.    Boston,  Vol.  I|  1889. 
Historical  Society  of  Nasbvillc,  Tenu. 

Huguenot  Society  of  America,  New  York  City.   Collections;  Proceedings. 

niinois  State  Historical  Society,  Springfield,  lU.  Practically  only  a  library. 

Index  Catalogue  of  the  Library  of  the  Sargeon-Qeneral's  Office,  Washington,  D.  C. 

Index  Modicus,  Washington,  D.  C. 

Indian  Ri<^lits  .Association,  Philadelphia,  Va. 

Iowa  Academy  ot  Sciences,  Des  Moiuea,  Iowa.  Proceedings. 

Iowa  State  Historical  Society,  Des  Moiues,  Iowa.  Iowa  Historical  Record. 

Jefferson  County  Historical  Society,  Wateitown,  N.  T. 

Johns  Hopkins  University,  Baltimore,  Md.  Universal  History  and  Political  Science 
studios;  social  Science.  Kdiication  and  Government,  American  Journal  of  Phi- 
lology ;  Studies  from  Biological  Laboratory. 
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Jonrual  (A)  of  American  Ktlinnlogy  ajnl  An  h:i  olotjx ,  hostnn  .mkI  Xtw  York. 
Journal  (The)  of  Araoricau  Folk-Loro,  Kuntou  ami  New  York.  (Quarterly. 
Journal  of  tho  Military  Service  Institutiuu,  New  York. 
Kanaaa  Ac4id«in  j  of  Science,  Topeka,  Kana.  Tranaactiona. 
Kansaa  State  Historical  Society,  Topoka,  Katis.    TrauHac  t  ions. 

l.a(l<awann?i  Institnt.  of  History  and  Scienro  (  ?),  Pa.  I'roccudiugSandCollectiooa. 
I>«  xiii;jtnn  Hi«torical  .Society,  Lexington,  Mas8.  Prore<Mliug8. 

l^inua-an  Society  of  New  York,  New  Y'ork  Cit^ .  Transactions;  AUstract  of  l'roc»*e«l- 
inga. 

L«Hig  Island  Historical  Society,  Brookljm,  N.  Y.  Memoira. 

Xjonisiana  Historical  Sorifty,  Haton  Knu^c.  La. 
Lowcl!  Instifnto.  Ijo'^tDii.  M-.\hh.    Courses  of  lccture6. 
Magazine  of  American  HiHiory.  Quarterly. 

Maine  Historical  Society,  Portland,  Mo.  Collectiona;  Proeeedlnga  and  CoUeetions, 
new  neries;  Dociimontary  History  of  Maine. 

M.ilr;iKt<  1  College,  St.  Paul,  Mtiui.  Coutrilmtiitna. 
Maryland  Academy  of  S(  iriicf^.  TlnltiMHivc,  Mtl.  Tr.insnctiona. 
Maryland  Historical  Society,  Bultinn»j»«,  .M«l.    Annual  KeiKU't. 
Mafisachusetts  UiHtorical  Society,  Boston,  Mam.    CollectioDM;  Reports. 
Heriden  Scientific  Association,  Meriden,  (?onn.  TranHaetlons. 
Metropolitan Mnaeum  <»f  Art,  Central  Park,  New  York. 

Mii'lii^an  Pioneer  '.\m\  Historical  Society,  Lansing,  MicU.  Pioneer  Collections;  His- 
torical Col  led  ions. 

Middlebury  Historical  Society,  iliddlcbury,  Vt.    Papers  and  Pr(»c«'e«lings. 

Minnesota  Academy  of  Natural  Sciences,  UinneapoliH,  Minn.  Bnlletins. 

Minnesota  Historical  Society,  St.  PanI,  Minn.  Collections;  History  of  Ojibwa  Na> 
tion;  Biennial  Reports. 

Mississippi  Historical  Society,  .lackson,  Miss. 

Missouri  Historical  Society,  St.  Louis,  Mo.  Publications. 

Modem  Language  Association  of  America,  Baltimore,  Md.  Transactions;  Transac* 
tionsaiid  ProoeecUngs;  Proceedings;  Publications. 

Monist  (The),  ClUcago,  III.   Quarterly  Magazine. 

National  Academy  of  Seiences.  WnMhington.  P.  ('.    Annunl  Reports;  MemoilS. 
National  Educational  Association,  Wasliingion,  I>.  C.  Proceedings. 
National  Ocograpbical  Society,  Waahington,  D.  C.   National  Geographical  Mag- 
asine. 

National  Prison. Association.  Reports. 

Natural  History  .Society  of  Carbondale,  III. 
Nature's  Realm,  N*  \v  Yovk.    A  monthly  magazine. 

Nebraska  Stale  llistoriual  Society,  Lincoln,  Neb.    Report  of  Secretary  Bieuuial: 

Transactions  and  Reports. 
Kawbnrgh  Bay,  Historieal  Society  of,  Nc-vrbnrgb,  N.  Y. 

New  England  Historical  and  Genealogical  If(  ?ister.  BoHton^  Mass. 
New  Hampshir.-  Autii|uarian  Society,  Hopkinton,  N.  H. 

New  Hampshire  Historical  Society,  Conc«»rd,  N.  H.   Collections;  Proceedings. 
Now  Hairen  Colony  Historical  Society,  New  Haven,  Conn.  Papers. 
New  Jeney  Historical  Society,  Newark,  N.  J.   Proceedings;  Docamente  relatii^ 
to  the  colonial  history  of  New  Jersey ;  Journal  of  the  Governors  and  Coaneil  of 

Xcw  Jersey. 

New  Jersey  Natural  History  Society,  Trenton,  N.  J.  Journal. 
Now  London  Coonty  Historical  Society,  New  London,  Conn.   Recorda  and  Papers. 
•  New  Mexico,  Historical  Society  of,  Santa  Fe,  N.  Mez. 
New  Orleans  Academy  of  Sciences,  New  Orleans,  La.  Papers. 
Newport  Historical  Society,  Newport,  R.  I.  Reports. 
Newport  Natural  History  Society,  New|>ort,  K.  I.  Proceediun^. 
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Newton  Matiirul  ilisrory  Socioty,  NewtonvUle,  Muss.  UuUcthi. 
New  York  Historical  Society^  New  York  City.  Collections. 

N^w  York  Acadomy  of  Antliropology*  New  York  City.  TranBactions;  MiacelluieooB 

Papers. 

New  York  Aca<lfiniy  of  Sciences,  New  York  City.    Annala;  Trauaactions. 
Now  York  State  Museum  of  Natural  History,  Albany,  N.  Y.  Bulletin. 
Nortb  Caiolina  Hiatorieal  Sooiety,  Chapel  Hill,  N.  €. 

Nnmiamatic  and  Antiquarian  Society  of  Philaclelpbia.  Report  of  Proceedinga. 

Ohio  An  hirolo^^ii  al  :in«l  Hi.storiral  Society,  Columbus,  Ohio.  I'ublications.  quarterly. 
Ohio  Historical  and  PbUoaophical  Society  of  Cincinnati,  Ohio.  Annnal  reports; 
PublieatioDS. 

Old  Colony  Historical  Society,  Taunton,  Moms.   Collections;  Proceedings. 
Oneida  Historical  Society,  Utiea,  N.  Y.  Oiien  Court  (The),  weekly,  Chicago. 

Oriental  Club,  rhihulolphia.    Pennsylvania  UniTersity* 

Ovt  rl;in(!  Monthly,  San  FraiK  inro. 

Peabody  Mu«euiu  of  Ainerteuu  Ar(  liaology  and  Kthiioloc^'.    Annnal  report, 

Peabotly  Academy  of  Science,  Saieui,  Ma^u.    rublioai  iuu.s;  Memoirs. 

Pedagogic  (The)  Seminary,  Clark  University,  Worcester,  Mass.,  O.  Stanlej  Hall. 

Pennsylvania  (The)  ftlagaaine,  Philadelphia,  Pa.  Quarterly, 

Pennsylvania  Historic.tl  Society  of  Philadelphia,  Pa.  Pennsylvania  Magaxlne  of 

History  and  Biography,  (juarterly. 
l^enn^ylvania  Historioul  Society  of  I'ittsburg  and  Western  Peunsylvauia,  Pittaborg, 

Pa. 

Philadelphia  Academy  of  Natural  Sciences,  PhUadelphia,  Pa.  Jonmal;  Proceed- 
ings; monthly. 

Pkilntb  Ipliia  So<  iai  Science  AHsoeiatiou,  Philadelphia.  Pa.  (now  merged  into  Acad- 

eaiy  of  i'<>litiral  ami  Social  Kconomy  of  America). 
Pejepacot  Historical  Society,  Brunswick,  Me.  Collections. 
Political  Science  Qnartcrly  (The),  New  York. 

Pojiular  Science  Monthly  (The),  New  York. 

Proceedings  of  the  A<  adnny  of  Natural  Scipnrrs  of  Philade  lphia. 
l*roeeedin«j;H  of  the  Aiiict  icau  Anti<iuariau  Sociel.v .  Worcester,  Mass. 
Proceedings  of  the  American  Association  for  the  Advuncemeut  of  Science. 
Proceedings  of  the  Canadian  Institnte,  Toronto,  Canada. 

Quarterly  Bibliography  of  Anthropologie  Literature,  American  Anthropologist, 

Washington,  in  every  number. 

Quarterly  .Innrnnl  of  Econnjiiics,  Tfarvard  I'niversity,  Cambridtje,  Mass. 

Rhode  Island  llistorieal  Soeuity,  Providence,  K.  1.   Proceedings  j  collections. 

Rochester  Academy  of  Science,  Itochester,  N.  Y.  Proceedings. 

Santa  Barbara  Society  of  Natural  History,  Santa  Barbara,  Cal. 

School  of  Applied  Kthies,  Plymouth,  Mass. 

Seientifir  American,  with  Supplement,  New  York,  weekly. 

Semitic  I)i  partment,  Hnrvard  I'niversity.    Prognmiinf  sc]i,'irute. 

Sevenili  report  of  comuuilcc  uppoinlcd  to  investigate  the  physical  characters,  lan- 
guages, and  industrial  and  social  condition  of  the  Northwestern  tribes  of  the 
Dominion  of  Canada.  Report  British  Association  for  Adratkcement  of  Science^ 
1891,  V.  III. 

Smithsonian  Inatitntinn,  Washington,  D.  C 

Society  for  I'olitical  Kducatiou,  New  York  City.    Economic  Tracts. 

South  Carolina  Historical  Society,  Charleston,  S.  C.  Collections. 

Southern  California,  Historical  Society  of,  Los  Angeles,  Cal.  Constitution;  Warm 

and  Cold  Agen;  Annual  Publications. 
Southern  Historical  Society,  Richmond.  Papers. 

South  Nautick,  Historical,  Natural  Hintory,  and  Library  Society  of,  Massachosetts. 
A  review  of  the  lirst  fourteen  years  of  the. 
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Staten  Inland,  Natural  Science  Association  of  Now  I?rij^lit'>ii,  N.  Y,  Proceedings. 

St.  Louiii,  Academy  uf  8cicacc  of  Mi.ssonri.  Trausactious. 

8t  Puil  Aeademy  of  Science,  St.  Paul,  Minn. 

Tacoma  Academy  of  Sciences,  Taeoma,  Washington,  D.  C. 

Tennessee  HiHtorical  .So<;i(>ty,  Nasbvillu,  Tonn. 

Tetnicsscc  Fristoriciil  Sdi-iety  I*a|u?rs.   Prooeeclinpi  of  the,  at  Marfrcosboro. 

Texas  Stat*  HiHtorical  Society,  'I'fx.is. 

Texas  Academy  of  Scieuce,  Dr.  Evcrhait,  provident. 

Transoctiom  of  the  Canailian  Institate,  Toronto. 

Transact  ion»  of  tli«  r8y»'''*>l*»ff'cal  Soci«'ty  of  Moscow. 

Union  Ethical  Socifty,  Philadelphia.  Pa.  The  I-^thical  Reeord  (ten  nnmben  only) 
sacceodcd  by  the  International  Jonr!i;il  of  lilhics. 

United  States  National  Museum,  Watihinglon,  1).  C.  Bullotimi. 

University  Arehtetdogical  Association  of  tlic  University  of  Pennsylvania,  in  Phila- 
delphia. Designed  to  co-operate  with  the  department  of  archaeology  and  paleon- 
tology. 

Uuivorslty  of  Michigan.  Ann  Arbor,  Mich,    l^bilosopbical  Papers. 
University  of  Nebraska.  Lincoln,  Neb. 

University  Studios.   Department  of  History  and  Cconomlcfi.   Seminary  papers. 
University  of  Pennsylvania.   Philadelphia,  Pa. 

Virginia  Historical  Si)cicty.  Richmond,  Va.    Virginia  historical  collections. 

Weet  American  Scientist.  A  popular  monthly  review  and  record  for  the  Pacitio 

Westttiu  Reserve  and  Northern  Ohio  Historical  Society,  Cleveland,  Ohio.  Keport 

tfrenty-fonrth  annnal  meeting. 
Weymonth  Historical  Society,  Weymonth,  Mass.  PnblicationH. 
WiscoDHin  Academy  of  Sciences,  Artn.  and  Letters,  Madison,  Wis.  Transactions* 

Wisconniii  Natnralist.  ^T:lIh■son.  Wis.  Motitlily. 

Wiscousio,  Natural  History  Society  of,  Mihv.mliec,  Wis.  Procecdiugsj  occiisional 
papers. 

The  anthropdlopciil  museum  i.s  au  essi-ntiai  i>ai  t  cit  the  nntnral  his- 
tory of  man,  ^  Tin?  true  motive  and  spirit  of  a  useful  mus(Miiii  aie  well 
set  forth  in  Dr.  (loode's  lecture  on  tiie  mu'^eums  of  llir  riitme.  Tlio 
ideas  enforced  therein  connect  exhibition  with  study  and  instruction, 
and  make  it  plain  that  the  lounth  r-s  of  such  an  orpinizati(m  should 
provide  for  indefinite  expansion.  The  dearth  of  enterjirise  and  enthu- 
siasm upon  this  interesting  field  has  been  in  the  past  a  cause  of  lament. 

In  the  Uoiversity  of  Peuusylvania  the  musenm  of  arcbsology  is  ia 
soecessful  operation,  and  since  1889  a  UniTersity  Archieological 
Association "  has  ^wn  to  have  a  oontribatlng  membmbip  of  275. 
The  president  of  the  nniversity  is  also  presiding  officer  of  the  associa- 
tion, and  there  is  the  closest  sympathy  between  this  organization  and 
the  department  of  aichseology  and  pal£eontoh)<;y  in  the  Uniyersity. 

A  department  of  archteology  and  palieontology  in  the  University, 
with  Ameriean,  Babylonian,  Egyptian,  and  Oriental  sections  in  the 
Musenm  of  Archseology  and  Palieontology,  has  been  organized  with 
Mr.  Stewart  Onlin  as  secretary. 
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Tho  following  i)rop<jsed  chvssificatio!!  and  iiiteriiatioual  noiaenclatiire 
of  the  aiitUropolugic  i^ieiices  haa  beeu  ottered  by  Dr.  D.  G.  Brinton: 

ANTRROPOLOOT. 

I.  Somatology. — Physical  and  expei  inioiital  antliropology. 
II.  Eihnohffy. — Historic;  and  analytic  authropology. 

III.  Ethmyraphy. — (^n'ojxraphic  and  desi'riptive  anthropology. 

IV.  Archwology. — Pieiii.stori(!  and  recousti  lu  f ive  anthropology. 

I.  Somatology. — 1.  hiti^rnal  somatology:  0«tt(iln-y.  craniolo^y,  pro- 
RopMogy,  myology,  splauehuology.  2.  Ext^^rual  Homatology:  Antluo- 
pometry,  color,  hair,  canons  of  ])roportion,  phyRical  beauty.  3.  Psy- 
chology: Kxperimental  and  practical,  sensation,  rates  of  m  rx  ius  nn- 
pnlso,  brain  and  nerve  action.  4.  Developmeutiil  and  coniparative 
soiiiatologN':  i^iiiibiyolo^y,  heredity,  teratology,  hnnian  biology,  evolu- 
tion, anatomy  »>f  anthropoids,  ethnic  anatomy  and  ]>hy  si<>logy,  compara- 
tive nosology  and  medi(;al  geography,  feitility  iiiul  sterility,  racial 
pathology,  criminal  authroi)ology,  vital  statistics,  anatomical  clii^sifi- 
cation  of  races. 

IL  EfikiM^/OQif, — ^1.  Sociology:  SysteniB  of  government  and  the  so- 
cial contract,  lavs  and  ethical  stundards^  the  marriage  relation  and 
mles  ofconsangninity  and  descent^  social  classes  and  institutions,  in- 
ternational relations  (war,  commerce,  colonization).  2.  Teclinology: 
The  utilitarian  arts,  as  tool-making,  ceramics,  arcMtectnre,  agricul- 
ture, means  of  transportation)  clothing,  weights  and  measures,  media 
of  exchange;  the  esthetic  arta — music,  drawing,  painting,  sculpture, 
decoration,  games,  cookery,  perfiimery.  3.  Religion:  Psychologicsl 
origin  and  development;  personal,  family,  tribal,  and  world  religions; 
animism,  fetidiism,  polytheism,  monotheism,  atheism;  nfythology  and 
mythogeny;  symbolism  and  religious  art;  sacred  places  and  objects; 
rites,  ceremonies,  and  mortuary  customs;  religious  teachers,  classest 
and  doctrines;  theocracies;  analyses  of  special  religions;  philosophy 
and  natural  history  of  religions.  4.  Linguistics:  Gesture  and  sign  lan- 
guage; spoken  language— parts  of  speech,  logic  of  grammar,  origin, 
growth,  and  classification  of  languages,  relation  to  ethnography;  writ- 
ten language— pictouraphic,  symbolic,  ideographic,  and  phonetic  writ- 
ing, evolntiou  of  alphabets,  phonetic  systems;  fornix  of  expression- 
poetic  (metrical,  rhythmical),  dramatic,  prosaio.  5.  Folk-lore:  Tradi- 
tional customs  and  narratiTes,  folk-sayings,  superstitious  beliefo  and 
practices. 

III.  Ethnography. ^l.  (reneral  ethnography:  Origin,  characteristics, 
and  SI! Ixli visions  of  races  and  peojdes;  the    geographical  provinces^ 

or  "areas  of  characterization;"  anthropo  geography;  lines  of  mi  nti- 
tions  and  national  interc<mrse.  2.  Special  ethnography:  The  Kuraf- 
rit  an  or  White  Itace  (North  Mediterranean  and  South  Mediterranean 
branches),  the  AiistatVican  or  Black  Race,  the  Asian  Rjice  (Sinitic  and 
Sibiric  brandies),  the  American  liiice,  Insular  and  Littoral  peoples 
(Nigritic,  Malay ic,  and  Australic  stocks). 
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TV.  Arrhfrohxji/. — 1.  Geiiprul  arch:tology:  Geolof^y  of  the  epoch  of 
man;  {jclaoial  plienomt'iia ;  diluvial  and  alluvial  deposits;  physical 
jjeoprapliy  of  the  quaternary;  prehistoric  botany  mui  zoology;  pre- 
hi^toiu  afre« — the  age  of  stone  (palaolitliie  period,  neolithic  period), 
the  age  ul"  bronze,  the  age  of  iron,  pit  liistoric  cununerce,  paloth- 
nology;  proto  hi;storic  epoch.  L*.  kS])ecial  arcba?ology:  Egyi>tiaii,  As- 
syriaii,  Pheuiciau,  Classical,  Medieval^  aud  American  Archaeology. 

BIOLOGY. 

On  the  biological  sidethe  best  comprehensive  survey  of  anthropology 
i»  Tojunard's  "  L  'Homme  dans  la  Nature."  It  will  bo  remembered  that 
in  1876  the  author  publisliecl  his  Anthropologic/'  an  elementary 
treatise  inspired  and  patronized  by  Broca.  In  LSSfi  appeared  the  an 
thor's  '*  I'leinents  d'Anthroi>ologie  Oenerale,''  an  elaborate  volume  of 
over  eleven  hundred  pages,  of  which  the  i)reseiit  work  is  a  com])rehen- 
sive  abridgement,  l)rin!j:itig  tlie  snbject  down  to  date.  The  lectures  in 
the  Ecole  d'AnthropologU',  based  on  studies  made  upon  materials  gath- 
ered in  the  museum  of  the  Soeiete  d' \nthro])ologie,  the  Musee  Broca, 
of  tlie  I'cole,  and  iu  other  eolleetions  of  Paris,  continue  to  )>e  the  best 
effort  to  make  public  tlie  results  of  biological  antiiropoloL'v.  lu  our 
own  country,  outside  the  medical  colleges  and  the  Surgeon  (ieneral's 
laboratory,  little  juitiiropo-biological  work  was  done;  an  exception  is 

be  made  in  the  matter  of  psych<>  i)hysics.  If  one  should  wish  how- 
ever to  l)ecome  a<  (iiiainted  with  the  biological  work  of  the  world,  he 
would  only  liavc  to  turn  to  the  Iwhx  MedicnH  and  the  Index  CnUdoijne 
of  the  Surgeon  General's  library.  The  purely  anthropological  part  of 
these  catalogues  also  appears  iu  the  current  numbers  oi  Am&rican  An- 
thropologisU  edited  by  Dr.  Rol>ert  Fletcher. 

P»ych4)'ph}ffii('H. — For  the  study  of  psysho-  j  )hy  sicsand  kindred  braTiches 
of  anthropology  the  Amerivan  Jonrnal  of  Psifrholoffy  is  the  sl  iiidaid 
anthority.  The  cum  nt  literature  of  the  world  is  there  reviewed,  and 
the  titles  of  foreign  i»eriodicals  and  journals  contributing  to  the  science 
are  given. 

In  March,  Or.  Henry  II.  Donaldson  delivered  before  the  Boston 
Medico-Psychological  Society  a  coarse  of  His  leetaros  on  cerebral  locsl- 
ixation.  This  series  draws  attention  to  a  doubly  interesting  fact, 
namely,  the  existence  of  a  medico  psychological  society,  coupled  with  a 
o4>Rr8e  of  public  lectures  for  pedagogical  purposes.  The  subjects  of 
the  lectures  were  as  follows: 

(I)  Beoent  advances  in  our  knowledge  concerning  the  straeturo  of 
nerve  cells  aud  nerve  fibers,  and  the  rdation  of  these  to  one  another. 
The  most  valuable  anthropometric  publication  of  the  year  is  Bisley's 
^^Tribea  and  Castes  of  India^^  two  octavo  volumes,  oontaining  876  pages 
of  measurements,  to  be  followed  by  a  volume  which  will  give  analyses 
of  the  data,  indicating  their  bearing  upon  the  ethnology  of  northern 
India,  and  also  upon  certain  more  general  questions  which  have  been 
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discussed  in  Eiiiop**.  Tho  im»nsiin»moTits  were  taken  in  Bengal,  the 
Northwestern  Proviiices,  and  the  l*anjal),  in  ISSO-ISSS.  Tojunanl's 
measures  and  instruments  were  employed,  with  the  exceptiou  of  the 
uaso  malar  inilex  of  Oldtield  Thom.is.    (J.  Anthrop.  Inst.  May,  1885). 

(2)  Continuation  ui)on  the  archite<'ture  of  the  nervous  system. 

(3)  The  motor  regions  of  the  brain.  The  middle  i)ortion8  of  both 
hemispheTes  contain  motor  centers. 

(4)  The  sensory  centers.  The  motor  centers  form  a  dividing  line  in 
the  cortex,  behind  which  lie  the  sensory  centers^  and  in  front  is  an  nn- 
ooenpied  area  which  is  left  out  of  the  discussion. 

(5)  Cerebral  localization  in  the  vertebrate  series  becoming  less  per- 
fect as  we  pass  downward. 

(6)  The  principal  explanations  which  have  been  offered  for  the  phe- 
nomena of  cerebral  localization  and  some  of  the  iioints  of  contact  be- 
tween these  phenomena  and  psychology'. 

Dr.  Donaldson's  observations  on  the  brain  and  several  s^se-organs 
of  the  blind  deaf-mute,  Laura  Dewey  Bridgman,  in  the  American  Jour- 
nal af  Psychology  (iv,  248-249)  is  accompanied  with  a  bibliography  of 
ninety-two  titles,  bearing  upon  the  study  of  the  brain  and  sense  organs 
in  iiealth  and  disease.  These  titles  are  nmnbered  and  relbrenoes  to 
them  in  the  text  are  made  by  the  numbers  and  not  by  foot-notes. 

Dr.  Edmimd  C.  Sanford  presents  in  the  American  Journal  of  Pey- 
chologij  (TV,  141-155)  the  outlines  of  a  course  of  Study  of  lectures  in 
physiological  ])syehology.  This  is  done  not  only  to  encourage  the  estab- 
lishment of  labor:ito]  ies,  but  to  assist  college  men  and  othws,  who  are 
not  ])repared  to  make  ori<;inal  investigations,  in  repeating  the  experi- 
ments of  the  best  establlKhments.  In  v.u  h  cmso  the  apparatusand  the 
method  of  applying  it  are  minutely  described.  The  following  program 
is  followed ; 

I.  The  dermal  ftnifirn. — \1)  Sensations  <d'  contact.   (2)  Sensations  of 
temperature.    (3)  Sensntinus  of  pressure. 

II.  tStatic  and  kimvailu  tic  hcusch. — (1)  liecognition  of  the  posture  of 
the  body  ns  a  whole.  (2)  Sensati<»ns  of  rotation  Sensation  of 
pro,L^rcssiv(' nuii ion.  (4)  Musch' sense.  f5)  linici  valiou  sense,  (fi)  Hen- 
sations  of  ntotion.  (7.)  SiMisation  of  resistuucc.  (8)  Bilateral  assym- 
metries  of  position  and  nsolinii. 

In  an  elaborate  i)ap<'r  on  the  psychology  of  time,  Mr.  Hebert  Nichols 
reviews  the  T(  ims  and  exjiressions  for  time  in  the  <'lassic  authors,  fol- 
lows th<«  rninTj'l  ioi!  ol  a  psyclif^loifiral  H'co^inition  of  linic  liKsttn  ically, 
and  euniph'U's  iuNtv>s;iy  with  a  rev  it  sv  of  niodeni  psycho-physical  experi- 
ments in  this  direction.  As  a  summary  of  the  experiments  of  Horing, 
IVIaeh,  Vierordt,  Kollert,  Kstel.  Mehner,  (Jiass,  Stevens,  Kjuer,  and 
Milnsterberg  the  most  concliiNivc  result  ma\  i  Ims  be  sununed  up. 

Nearly  all  persons,  under  nea  1 1  y  all  (conditions,  find  a  particuhir  length 
of  interval  more  easily  and  accurately  to  be  judged  than  any  other. 
This  ^'indilVerence  j)oiiit.*'  or  interval  of  best  Judgment,  is  very  vari- 
able for  ditfercut  individuals  and  for  difl'ereut  times  uud  conditions. 
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Th<^  si<*a  of  tUc  Coiistaut  Evvov  in  usuaiiy  constaut  in  both  direC' 
tioiiti  troiii  the  Indifl'erence  Point." 

Where  norm  and  re  production  are  single,  the  tonstaiit  error  is  minm 
for  iuterval.s  loii^^cr  ami  pins  tor  intervals  shorter  tli.iu  lim  iiidilierence 
interval.  "  Whcru  norm  and  re-produetioii  are  multiples,  the  constant 
error  is  plus  for  intervals  lon<?er  and  minus  for  those  shorter  than  the 
indifference  interval.  The  majority  of  evidence  is  strongly  against  the 
validity  of  Webei's  law;  aUo  against  any  fixed  or  constant  periodicity. 

^Later  inirestigators  look  to  physiological  processes  for  explanations 
of  time  judgments,  and  particularly  to  rythmic  habits  of  nerye  centers* 
Whether  sach  processes  as  breathing,  pulse,  ieg-sving,  etc.,  gov^em 
oar  perceptions  or  whether  the  moi-e  genenU  rythmic  fhnctions  of  the 
higher  cephalic  centers  are  in  themselyes  the  basis  of  time  Judgment  is 
now  the  important  question.'' 

In  1890,  was  founded  in  Hamburg  and  Zieipsig,  ZHtschrift  fUr  P^jf- 
ekologie  unil  Phfftiologie  der  SinneaorganCf  a  bi-monthly  octayo  under 
the  editorship  of  Hermann  Bbbinghaua  and  Arthur  Kouig,  assisted  by 
H.  Auberty  S.  Bxner,  H.  v.  Helmholtz,  E«  Hering,  J.  y.  Kries,  Xh.  Lipps, 
G.  E.  Mailer,  W.  Preyer,  and  0.  Stumpf. 

Original  papers  by  the  most  distingutshed  inyestigators  are  pub- 
lished in  each  number,  works  of  chief  importance  are  reyiewed,  and,  of 
the  greatest  yalue,  a  bibliography  of  psycho  physical  literature  for  1880 
is  given  in  the  fourth  number,  pages  365-118.  This  bibliography  is  a 
model  of  convenience.  The  titles  are  classified  and  numbered  and  an 
alphabetical  list  of  authors  refers  in  each  case  to  the  title  of  the  author's 
book.  Thus  it  is  iiossihle  to  exhibit  the  classification  of  the  material, 
the  full  title,  and  to  find  tin  work  through  three  separate  lists. 

The  Society  for  Psychical  liesearch  continued  its  active  inyestigatious 
apon  the  phenomena  of  hypnotism,  animal  magnetism,  suggestive 
therapontirs,  psycho- therapeutics,  phantasms  of  the  living,  phantasms 
of  the  di'  1 1,  clairvoyance,  premonitions,  hallucinations,  thoiiirht- trans- 
ference or  tclepatliy,  and  the  like.  In  order  to  stimulate  its  friends 
and  members  to  reno\v«vl  antivity,  a  cirrular  was  issued  insisting  that 
*^  the  Viiluo  to  be  attaclu'd  to  the  evidence  already  (iolloctod  imist  largely 
depend  on  its  continuous  rei*nforcement  by  fresh  cases  of  like  kind 
observed  with  (rare  and  recorded  without  delay.  In  the  second  plar«', 
supposing  that  the  general  farts,  say  <d"  telepath}^  or  of  veridi<'al  appa- 
ritions, were  even  uiiiversally  admitted,  it  would  still  be  a  matter  of 
prime  mtciust  and  iiuportanee  to  discover  as  much  as  ]>(>ssiblo  of  the 
laws  which  Lroveni  these  stranue  phenomena,  and  it  is  therefore,  impos- 
sible to  as-i^n  any  limit  to  the  number  and  variety  of  cases  which  might 
be  collected  and  registered  with  this  end  in  view.'^ 

The  most  noticeable  advance  in  the  prosecution  ol  t  his  ))art  of  authro- 
l>ological  work  is  in  the  line  of  eo ordination  and  co-operation.  The 
Psychological  Society  of  Moscow  was  tbunded  in  1888  for  the  discus 
sion  of  |>roblenis  in  |>sychology,  its  foundation,  theory,  applications,  and 
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history.  society  has  publiaibed  three  volumes  of  traiiBactioiis.  A 
journal  was  tbanded  entitled  ^^JPtoblemi  in  PHlosophy  and  PiffchologifJ^ 

A  grant  was  made  to  the  Toronto  UniverBity  for  the  equipment  of  a 
laboratory  of  experimental  peyohology.  Oflfers  were  made  to  students 
at  onoe  to  fiirnish  such  apparatus  as  should  be  needed  fbr  the  present 
purposes,  and  promises  given  that  the  provincial  government  would 
print  the  results  of  the  investigation  should  these  results  warrant  it 

For  the  study  of  psyeho-physios  and  kindred  branches  of  anthropol' 
ogy,  the  AmeruMM  JourwU  of  Fsyeholoffy  is  the  standard  authority. 
The  current  literature  of  the  world  is  there  reviewed  and  the  titles  of 
foreign  periodicals  and  journals  Goutribnting  to  the  science  are  given. 
Outside  of  this  eminent  Journal  the  entire  literature  of  the  sul^ject  is  to 
be  sought  in  the  following: 

Allgemeine  Zeitsolirift  fttr  Pbyohiatrie  nnd  psyoliiaoli-gwifihtUohe  Medieia. 

Auniiles  MMiochPHychologiqiiea. 
Archives  fie  Nenroloffio.    Charrnt,  Paris. 
Archiv  nir  die  gusamtnto  Physiologie.  PdUger. 
Arohiv  fdr  Physiologic.  DalK>i«*Beyiiiond. 
Archiv  fttr  FiBycbUtrie  and  NerveD'Kranklielt«n« 
Brain. 

I  )f>utHcbe  Zeitaohrifb  Aix  Nervenheilkaude. 

Mind. 

Philtwophischo  Studiuu.  Wuudt. 
Revue  de  I'Hypnotiame.  B^rillon. 
Revue  Philosophiqne.  Ribot. 

Ri vista  s|»f  rirninitale  di  Freuiatria  e  di  Medooina  Legale. 

Zeitecbrift  fur  Payobologie  aud  Pbyeiologie  der  Sioaeeurgaau.  £bbiugbaiu. 

ETHNOLOav. 

Two  eoutributions  to  othuoj;r5ii)liic  science  made  in  this  year  should 
be  uauied  togethei',  PowelPs  Liuguistic  Map  of  North  America  and 
firinton's'^AmericauBace."  Theformer  is  the  gathered resnltof  all  that 
has  been  done  hitherto  in  locating  North  American  stocks  and  tribes, 
systematized  aud  put  iuto  shape  by  thirteen  years  of  continuous  elfort 
of  M^)or  Powell  and  the  Bureau  of  Bthnology.  The  latter  may  also  he 
called  the  result  of  a  life-long  inquiry.  The  ethnography  of  South 
America  has  been  in  au  unsiitisfactory  condition,  and  the  flrst  thing  to 
do  was  to  sum  up  carefully  previous  knowledge.  This  Dr.  Brinton  has 
ao(|Qmpli8hed,  thuH  paving  the  way  for  syKtematic  effort  in  the  future. 
Below  will  be  ftmnd  the  North  American  stocks  as  arranged  by  M^jor 
Powell,  followed  by  a  list  of  stocks  as  laid  down  by  Dr.  Brinton.  The 
two  form  a  continuous  series  from  one  end  of  the  continent  to  the  other, 
the  stocks  being  arranged  alphabetically  under  three  titles.  North 
America,  Middle  America,  South  America. 

NORTH    AMERICAN  STOCKS. 

Algonqnian:  Of  the  North  Atlantic  seaboanl  and  west  through  the  Nortboin  Statee^ 

Lake  region,  and  Cauada  to  the  Uocky  Mouutains, 
Athapftsean:  Of  tbe  int-jrior  of  British  America;  isolated  commanities  od  the  Go- 

iumbia  River,  Ocegou,  Callforniaf  Arizona^  and  New  Mezieo. 
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Atfarapan:  Aroa  on  TcTas  coast. 

ISeotbukau:  rovtiim  uf  Ntiwionndland.  ^ 

Caddoau:  Of  nortberu  Nebraska,  wentern  Arkautuw,  southeru  ludiaii  Territory, 

westeni  Louteiuw,  and  northeTii  Texas. 
Chimakaaik:  Of  part  of  the  southern  shore  of  Paget  Soand. 
Chimarikan:  On  New  and  Trinity  riv^ers,  Northern  C.ilifornia. 
Chimmesyaa.  Tko  region  of  Naaso  and  Skeeua  rivec»,  we«t  coast  of  liritiab  Colum« 

bia. 

Chiiiookan:  Baaks  of  the  Colambia  River  as  far  ap  ae  The  Datlei. 
Chitimaehati ;  About  Lake  Barafearia,  southern  Lonislana. 

Chttniaahaa :  Coast  of  California  ftom  about  the  thirty^fonrtfa  parallel  to  a  little  north 

oftlic  tbirty-iifth. 
Coahniltecan :  Of  soutlisvost^  rn  Texfw  and  nortbeuHtcrn  Mexico, 
v'opehuii :  West  td"  tlie  .Sacramento     far  north  as  Muuut  Shasta.  California, 
Costuuoun:  Coast  of  California  from  the  Golden  Gate  soath  to  Monterey  Buy. 
Eskiniauan:  Kast  and  west  coasts  of  Greenland;  coast  of  Labrador  as  far  south  as 

Hamilton  Inlet;  and  the  Arctic  coast  westward,  including  part  of  the  shore  of 

Hudson  Bay,  to  western  Aliiska.  Inclndin;;  tlw  Aleutian  Islands. 
KsschMiian  :  ('r>ast  of  f'alifornia  from  Monterey  Bay  to  Satita  Lncia  Mountain. 
lro<jUoin :  i  iie  St,  Lawrence  Kiver  region  north  of  Lake  Krio,  northern  Peuosylvania, 

State  of  New  York,  the  lower  SuNquohanna  in  Pennsylvania  and  Maryland,  north* 

eastern  North  Carolina,  sonthwestem  West  Virginia,  western  North  Carolina, 

and  most  of  Kentucky  and  Tennessee. 
K-tI:i|>ooian:  Valley  of  the  Willamette  River,  Oregon. 
Karaukawan:  Texas  coast  around  Matagorda  Bay. 

Keresau :  L'pper  Kio  Grande,  and  on  the  Jomez  and  San  Jos^  rivers,  New  Mexico. 
Kiowan ;  Upper  Arkansas  and  Purgatory  rivers,  Colorado. 
Kitunahan:  Cootenay  RiTer  region, mostly  in  British  Columbia. 
KoIuHclian:  Northwe<?t  roast  from  55''  to  RO'  north  latitndo. 

Kulanapan:  Russian  Kiver  region,  and  California  coast  from  Bodega  Heatl  north  to  ^ 

about  latitude  39^  30'. 
Knsan:  C<»ast9fmMd]eOregon,  Coos  Bay  and  River,  and  at  the  month  of  Coquille 

Rirer,  Oregon. 

Lntuamian  :  Region  of  Klamath  Lakea  and  Sprague  River,  Oregon. 

Mariposan  :  lut^^rior  of  California,  east  of  the  coast  range,  .and  south  of  Tularin  Lake 

iu  a  narrow  strip  to  helow  Tulare  Lake,  north  as  far  as  the  Fresno  Kiver. 
Moqueluiunan:  Interior  of  California,  bounded  on  the  north  by  the  Cosumnss  River, 

on  the  south  by  the  Fresno,  on  the  east  by  the  Sierras,  and  on  the  west  by  the 
I      San  Joaquin ;  an  area  north  of  8an  Francisco  and  San  Pablo  Bays  as  far  as  Bo<lega 

Hea<l  and  the  headwaters  of  the  Russian  Kiver. 
Mnskbogean:  Tht;  Hnlf  States  from  tlio  Savannah  Kiver,  and  the  Atlantic  west  to 

the  Mississippi,  and  from  t  he  Gull'  to  the  Tennessee  Kiver. 
Natdiesan:  On  St.  Catherine  Creek,  near  the  site  of  the  present  city  of  Natchez. 
Palaihnihan:  Drainage  of  Pit  Rivw  in  northeastern  California. 
Fiman:  On  the  Oila  River,  alxmt  160  miles  from  its  month,  and  on  the  San  Pedro 

in  Arizona,  and  in  Mexico  on  the  Gulf  of  California. 
Pejuuaa:  California  j  east  bank  of  the  Sacramento,  about  100  miles  from  its  mouth, 

north  to  Pit  River,  eastward  nearly  to  the  b«rdws  of  tiie  State. 
Qnoratean :  Lower  Klamath  River,  Oregon,  firom  Happy  Camp  to  the  Junction  of  the 

Trinity  and  Salmon  River  valley. 
Salinan:  Kogion  around  tin-  San  Antonio  am?  Hru  Miguel  miHsior!^.  Califoniia. 
8ali.slmn;  North \vp«!tern  part  of  Washington,  including  Puget  t^uund;  eastern  Van- 

ci<»H%-er  Island  to  about  midway  its  length;  coast  of  British  Columbia  to  Buto 

bM;  and  the  region  of  Bentinck  Arm  and  Dean  Inlet. 
^tf$fi^2  Middle  Klamath  River,,  northern  California. 
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Sliahnptiiui:  ITpper  Colnnihin  Kivcr,  uud  iU  tributaries  iu  uortUeru  Oregon  and 

Idaho  ftnd  sonthorn  Wpiliiiigton. 
Shoshoneait :  Oceupyiu;;  g«'iii<r;illy  the  Great  Interior  Baein  of  the  United  StatM,  aa 

far  as  the  Plaiui,  and  ranching  the  Paciflc  ia  Loa  Angeles,  San  Bernardino,  and 

Sun  I)ie}{o  count  ii's,  ('alil'nrni;!. 
Sionan:  The  I);iki»tas,  p  u  is  nf  Minnesota,  WiHroiishi,  Iowa.  Neliraska,  Kan^sa-^,  Mis- 

sntiri.  ArkuuHttJ*,  luUiau  l»nritory,  with  isdlati  d  colouit-H  iu  Alabama  (Biloxi), 

tlie  CarolinaM  (Cutawbu),  uud  borders  of  Viiginia  and  North  CMOlitt*  (Ttttelo). 
Skittagetan;  Qneen  Charlotte  Islands,  Forester  Island,  and  aontheaatem  pari  of  ' 

Prince  of  Wales  Island. 
Takiliiian:  Oregon  roast  :il'<'ni  the  lower  Roruo  Tviver. 
Tanoau :  Hio  Grande  and  tributary  valleys,  t^rom  about  30^  to  about  36^  30'. 
Tiuiuquauan :  Florida. 
Tonikan:  Lower  Yaaoo  River,  Mlssiaaippi. 
Tonkawan :  Western  and  southweatwn  parts  of  Teataa. 
IJcheau :  Tjower  .Siivannah  River  aud  perhaps  the  South  Carolina  coaAt. 
Waiilatpuan:  Lower  Walla  Walla  River,  Oregon,  and  alK>ut  moants  Hood  and  Jt^ 

ferson. 

Wakanbau :  West  coast  of  Vancouver  Island  aud  northwest  tip  of  Washington. 
Washoan:  Euatem  base  of  the  Sierras,  south  of  Reno,  Nevada^  to  the  lower  end  of 
Carson  Valley.  j 

Weitapekau:  Lower  Klamath  Kiver,  Orr^on,  from  the  month  of  tlu- Trinity. 
Wislioskan :  Cnmt  of  C'alLforuia  from  just  below  the  mouth  of  Eel  Kiver  to  a  little  | 
north  of  Mad  River. 

Yakonan:  Along  the  lower  Yaqoina,  Alaea,  Siualaw,  and  Umpqna  rivers,  Oregon.  ; 
Yanan :  Chiefly  in  the  sonthem  part  of  Shasta  County,  California.  | 

Yuldau:  Rouud  Valley,  California  and  west  to  tht*  coaut. 

Yuman:  Lower  ("alifnniia ;  tlic  ('olorado  from  its  month  to  Cataract  Creek;  tti6 

Gila  and  tributarici^  or  tar  east  m  iho  Touto  liaaiu,  Arizona. 
Zuuian :  A  small  area  on  ZuRi  River,  wosteni  New  Mexico. 

MIDDLS  AMSfttCAN  8TUCKS. 

Aateoan;  Slope  of  the  Pacifie  coast  from  abont  the  Rio  del  Fuertc,  in  Sinalop,  N.  1st 

2f>^  to  the  frontiorsot*  Guatf^mala,  except  a  portion  of  the  isthmuN  of  Teh  uantepee. 
Dr.  l^rintou  makes  this  a  branch  of  the  U to- Aateoan  stock  under  the  oaosof 

Nahnaltecan. 
Chupaiuu-:  C'hiapa»,  Mexico. 

Chinantee :  Oaxaca,  on  the  frontiers  of  the  province  of  Vera  Cras, 

Guatuso ;  Upimr  waters  of  Rio  Trio,  Nicaragua.  I 

Himvc :  Isthmus  of  Tehttantepec,  on  the  Pacific  Ocean.  I 

Lenoa:  Central  Honduras.  ' 
Matagalpau:  Nicaragua,  iu  and  aruiuid  the  dopartmerit  of  Matagalpa,  Segovia,  and  i 
Choulales. 

Maya;  Yucatan,  Guatemala,  and  Tabasco. 

Otonii   Sf  attvs  of  Qucretaro  and  Guanajuato,  Mexico,  from  the  valley  of  Mexico  to  ths 
Rio  \'i  rdi-.   ( )n  the  west  it  atyoined  the  Tarascas  of  Michoacan ;  on  the  east  the 

HnastiM-s  of  I'anuco. 
Kama:  lilucticld  Laguou. 

Subtiaba:  Near  the  modem  city  of  Leon,  in  Nicaragua. 
Tarascan :  State  of  Michoacan,  west  of  the  valley  of  Mexico. 
Tetjuii^tlatccan :  Oaxaca,  on  Pacific  roaSt. 

Totonaran:  T«'rritory  of  Totonicapan,  MOW  in  state  of  Vera  Cruz. 

I  Iva:  Head  waters  of  atreams  emptying  aloug  the  .Mus^fiuito  coast. 

ZapateC'Mixtec:  Oaxaca,  Mexico,  aud  adjoiniug  rcgious. 

Zoque:  Isthraos  of  Tshuantepec  and  adjacent  portions  of  Chiapas  and  Oaiaca. 
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soirra  American  sT(K;Kt>. 

Alii^nlnf :  Tvrrn  del  Fuogo. 

Aruua:  Ou  the  Jurua,  Madoira,  aud  Parus  rivers,  Brazil. 

Arawak :  Mtwt  widely  diMeminatod.  From  head  waters  of  the  Paragitay  River,  along 
the  highlands  of  eoathern  Bolivia  to  the  Goi^iroa  FeniDBula,  and  thence  10  in- 

olutlo  all  the  Antillee,  T>oth  Greater  and  Lenser. 
Atacamuian:  Abont  20"  in  2^'^  south  in  the  ririnirv  of  Atacama,  weateoaat. 
Aiicaiiiuu:  Both  sidoH  of  the  Antler,  in  Chili,  and  ou  the  Pampas. 
Ayiuara:  Pern  and  Bull  via,  about  Lake  Titicaca. 
Barbaeoa:  Colombia,  abont  l^'  and  2^  north  latitude. 
Betoya:  Foot  of  the.  mountains  of  Bogota,  in  Orinoco  drainage. 
Canichauu:  On  tlm  river  >[inn(irc  between  13^  and  14'-^,  Tiolivian  hi^lilaods. 
Caraja:  AlHueiits  of  the  Aragnay,  province  of  (ioyas,  southern  Brazil. 
Carib:  Lesser  Antilles,  Caribby  lalund,  and  mainland  of  South  America  from  month 

of  EMeqnibo  River  to  tlie  Onlf  of  Ifaraeaibo. 
Catamarena;  Gran  Chaoo,  Catamaioa. 

Changoina,  or  Dorasque  tribes :  IsthniiiB  of  I'anama,  on  rivt  r  Pnan. 

Charma:  Grnn  f'haro  plnitis.  'thetchinyj  from  the  banksof  the  Parana  to  the  sea-roHSt. 

Cliibcha:  In  both  direetiouii  from  the  Isthmos  of  Panama,  speoially  throughout  Hew 

Granada  (Colombia). 
Chiqnito:  Bcdivian  highlands,  between  16^  and  IfSP  south. 

Choio:  Isthmus  of  Panama,  eastern  shore  of  the  Gulf  of  Uraba,  andmuehof  the 

lower  valley  of  the  Atrnto. 
Clinroya:  Orinoco  basin,  above  the  falls  of  the  Guaviore,  and  along  the  Kio  Guynr 

anil  the  Meta. 
Cooaanoa:  Soathera  Cokmbia. 

Cnna :  Isfhinns  of  Panama  from  Gnlf  of  Utaba  to  the  river  Charrea  on  the  west. 

Guay<  uru:  Gran  Chaco,  on  the  Paraguay  .and  the  Pllcomayo  rivers. 

Jivaros:  On  the  moniitain  8h)!«<  h  of  the  Conlill^ra,  on  the  Marnfinn  Riv»  r.  Hra/.il. 

Kcchua:  Spoken  by  an  unbroken  chain  of  triJres  for  nearly  2AM)  milos  from  3  north 

to  Z2P  south  ou  the  western  border  of  South  America,  chiefly  in  Peru. 
Lama:  On  the  river  Javary,  Brasil. 
Lole:  Yeimejo  and  Piloomayo  rivers,  Gran  Chaco. 

Maina:  tapper  Maranon,  Bra/il,  aud  in  the  uplands  aronnd  Cerros  de  Hainas. 

Mntaco:  Vermejo  River,  Gran  Cliaro. 

Mocoa:  Columbia,  between  1-  and     north,  along  Kio  de  los  EngaQos  or  Yari. 
Uosetena:  Bolivian  highlands,  on  the  banks  of  the  Mamofe  and  Chavari  rivets. 
Ond:  Terra  del  Fnego. 

P.'ini(|uitii:  Columbia,  north  and  west  of  the  Chibehas. 

Pand:  I'pper  Ucayale  River,  Peru. 

Payagna:  Paraguay  River,  Gran  Chaco. 

Peba:  Javary  River,  Brazil. 

Paquina:  On  the  islands  and  shores  of  L.  Titieaoa. 

Saniura:  On  the  northern  border  of  the  Gran  Chaco,  between  18®  and  20°  south. 
Tacana:  Bolivian  highlands,  on  the  banks  of  fho  rivers  Manioro  and  Chavari. 
Tiuiote:  Vonezufla,  Morida  ^ojith  of  the  plains  in  tin-  interior  from  Lake  ^fnraraibo. 
Tupi :  Along  the  seaboard  from  the  mouth  of  the  La  Plata  to  the  Amazon  and  far  up 

the  streams  of  the  latter. 
Tapnya:  Most  aneient  and  extensive  uov  living  in  Brasil.  From  BP-2IP  south,  and 

from  the  Atlantic  to  the  Xinger  Rivi>r. 
T/onecan:  Patagmia.  The  Patagoniaos  oall  themselves  Chonek,  or  Tzoneoa,  or 

Inaken. 
Yahgan:  Tierro  del  Fuego. 

Tnnea:  PerUf  near  the  sea,  botween  6^  and  10°  south. 

Tunicari:  Bolivian  highlaiids,  on  the  bankn  of  the  Mamore  and  Chavari. 

Zaparo:  One  of  the  most  extended  stoeks  in  the  upper  vaUey  of  the  Amaxo^  t  ed  b  C  I 
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The  Heinenway  Southwestern  Arclisuological  and  Ethnological  ex- 
pedition began  to  bear  fruit  in  the  publication  of  ;i  '^Journal  of  Ameri' 
can  Ethnoloffy  and  Archwohgy,^''  e(lit<^d  by  J.  Walter  Fewkes,  cou- 
dnctor  of  the  expedition.  This  will  be  followed  by  other  volumes, 
putriiif^  oil  poi  iiianeiit  record  the  results  of  Mrs.  Ilemenway^s  liberality 
during'  a  scries  of  years  in  sustaiiiinj^  the  researclies  of  Cushinj^f  and 
Haudelier,  and  subsequently  of  Mr.  Fewkes.  The  Urst  volume  relates 
especially  Uy  Zuili. 

An  ethnographic  contribution  not  to  bo  ij^nonnl  is  a  series  of  papers 
by  Dr.  Ernst,  of  Caracas,  Venezuela,  on  the  al)origiiies  of  that  repub- 
lic, jniblisheiil  in  the  Bolefin  del  Mhtistttio  de  Ohra.s  Puhlii'ds.  In  the 
same  journal  Dr.  it,  Marcano  contr  ibutes  a  series  of  papers  ou  the  pre- 
Columbian  ethnography  of  N'cneziicla. 

The  publisliers  of  our  latest  eucyclopjedias,  such  as  Johnsons, 
Chambers's,  Stanford's,  ("asselFs,  et<5.,  have  earned  tln^  jrratitude  of 
ethnologists  by  eiai>loying  men  of  ifcckuowledged  ubiiity  to  prepare  the 
deseriptive  articles  un  tribes  and  peoples.  The  giM)graphic  so<Mcties 
also  have  borne  a  conspicuous  ])art  in  collecting  and  preserving  data 
for  future  compilations  regarding  ethnology.  Especially  useful  in 
these  stiulies  are  the  Jo«7'rta/ o/ //j^'  Anthropological  ImUtuie  of  Lon- 
don, L\  \  iifJiropofogie  of  Paris,  and  the  ZettmhriJ't  and  VttrhamUungtM 
of  the  Bciiiu  AiiLhropological  Society. 

IiANOUAaS. 

Til  his  lecture  entitled  *'Du  cri  a  la  parole,"  delivcre<l  in  TKcole 
d'Anthroi)ologic  de  Paris,  and  published  in  the  tirst  number  of  the 
Becuc  McnxueUe^  the  following  con<  lusions  are  reached  by  the  speaker: 
Animals  are  already  in  possession  ol'two  distinctive  elements  of  Inn- 
guage:  (1)  the  spontaneous,  retiex  cry  of  cuu>tioii  and  ui  want,  and  (2) 
the  intentional  cry  of  advertiscaicut,  menace,  or  appeal.  From  these 
two  sorts  of  sounds  man,  endowed  with  a  vocal  apparatus  still  more 
perfect  and  cerebral  fjwMdties  less  limited,  has  created  a  great  number 
of  variants  by  means  of  i)rolongation,  reduplication,  and  intonation. 
The  cry  of  appeal  is  the  germ  of  demonsti'ative  roots  prelude  to  pro- 
notms,  names  of  number^  sex,  and  distance ;  the  emotional  cry,  of  which 
onrinteijections  are  only  the  debris,  oombining  witii  the  demonstratives) 
prepare  the  outlines  of  the  proposition  and  form  the  verb  and  the  nooo 
of  action  and  of  stnte.  Imitation,  direct  or  symbolical  (necessarily 
only  approximative)  of  the  noises  of  surrounding  nature,  in  a  word, 
onomatopcpia,  furnishes  the  elements  of  attributive  roots  out  of  which 
are  to  grow  names  of  objects,  special  verbs,  and  their  derivatives. 
Analogy  and  metaphor  complete  the  vocabulary  in  applying  to  phe- 
nomena of  touch,  sight,  odor,  and  taste  qnaliflcatives  derived  by 
onomatopoeia.  Then  comes  reason,  which  eliminating  the  greater  part 
of  these  inconvenient  riches,  adopts  a  greater  or  less  number  of  sounds 
already  reduced  to  one  vague  and  generic  sound.  Then  by  derivation, 

Digitized  by  Google 


BUliMABir  OP  PBOORE88  IN  ANTHBOPOLOOY  IN  1891.  453 


suffixing,  compositioiiy  it  causes  to  spring  oat  of  these  root-soands 
indefiuite  lines  of  words^  whieli  are  of  all  de^^rees  of  relationship  among 
themselves,  which  grammar  proceeds  to  distribute  into  categories^ 
called  parts  of  speech.  It  can  be  shown  how  the  grammatieal  ibnns, 
casual  and  personal  terminations,  sliades  of  i  onjugation  are  produced 
by  atrophy  of  syllables  aftlxed  or  suffixed  to  the  radical  syllable.  A 
certain  part  of  tli«'  doveh>pnient  of  language  is  also  due  to  a  sort  of 
blind  force,  to  nature,  as  wo  say.  nml  ])art  to  intcIlifrriH  O,  either  indi 
vidnnl  or  collective.  The  cmistitutiou  of  ;;ranjmar  detaches  linguisti<;s 
tVoiii  zoiild^y  |M  ()j»('i'ly  so  called  and  brings  it  witliiii  tlio  area  of  history. 
But  this  historic  area  caiiiiot  in  any  manner  be  shut  oft"  from  aiitliro- 
IKilogy,  for  it  is  only  an  apiH  iidix  to  natural  history. 

Dr.  I )orsey's  volume  on  the  (.'egiha  hini,Mia^M'.  tlionuh  bearing'  dat4^ 
IHIH),  (lid  not  appear  until  h»te  in  IHlll.  Fiirthcrnuae,  Hlth<m;r]i  it  is 
entitled  '^'J'lie  Cejjfiha  T.aii;,niaj^c,-  the  work  is  devoted  esjiccially  to 
myths,  stories,  and  letters,  and  </ivvs,  with  text,  interlinear  translation, 
and  free  midcriwg,  nearly  two  hundred  and  fifty  sepai  ate  literary  pro- 
duetitms.  This  endnaces  the  wnrk  of  many  years,  and  will  furnish  to 
the  folkdori.st,  as  well  as  to  the  philologist,  amph^  material  fur  study  and 
coMijiarison.  The  ( 'egiha  language,  as  used  in  the  volume,  refers  to  the 
s|K)ech  (if  the  Omaha  and  Pouka  tribes  uf  the  Si«)iian  linguistic  fanuly. 
The  autlior's  researches  began  among  the  Cr-il>a  in  ISTI,  and  have 
l>een  *  ai  l  it  d  uu  unriMuittingly  cvi  r  since.  During  the  last  twelve  years 
he  has  been  connected  with  the  Bureau  of  Ethnology  in  Wa.shington, 
where  his  ojiportunities  for  study  have  been  uidimit<'d.  Special  atten- 
tion is  also  called  to  Filling's  bibliography  of  the  Algimkhin,  (iatschet's 
KlamatUi  and  liiggs's  Dakota  dictionary. 

The  Semitic  department  of  Harvard  University,  in  addition  to  tlie 
liiiguistie  courses  in  Hebrew,  Aramaic,  Assyrian,  Etbiopic,  Arabic, 
aod  Phffiuician,  has  established  Semitic  conferences,  a  Semitic  library, 
a  series  of  prizes  for  theenconragement  of  Semitic  studies,  and  a  coarse 
of  lectures  on  studies  allied  to  the  department.  Most  significant  in 
this  connection  is  the  establishment  of  a  Semitic  museum,  through  the 
generosity  of  Mr.  Jacob  H.  Sehifr.  Here  already  are  assembled  many 
originals,  casts,  manuscripts,  coins,  and  photographs,  illustrating  the 
writing  and  the  history  of  Babylon,  Assyria,  Phmnicia,  Palestine, 
Arabia,  and  other  Semitic;  lands.  The  gcnerons  donor  has  also  pro* 
vided  means  of  enlarging  the  collection. 

TBCUN(*LO<iY. 

In  his  course  of  lectures  on  prehistoric  industries  M.  Adrien  de  Mor- 
tillet  makes  this  neat  classification  of  tools: 

/.  i'uttimj  tooU. 

AVUBH        pmwnn  /  1  lie  /iriiwiitc  klllff. 

ActtDfr'  b>  a  blow  ^ 

Acting  by  MoUoD «   Tli«Mir. 
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II.  Hmping  tuoh. 


■mi  by  fMetlMi 


<The  nsp  and  Um  flto. 

f  P*»1te1i«M,«1u»faitanM,  bimtltbinni.  aodiNMOtblaigUMli. 


III.  Striking  and  eruahing  fool*. 


Acting  by  »  blow  

Acting  by  pruMUfe  uid  bv  frlotUm 


Thi)  bumiuor. 

vCrttsht^rN,  t^i  bmak  likoMnx. 
^GritMliug  8toat«,  mills. 


/r.  PerforaHnff  loo7«. 


AoUng  by  »blow  

Actiag  by  pnnafB  aoA  by  fHctbn 


SBodkius,  awU.  jiiiiii-ujrs,  giinleU.  atiKers.  vie 
{Drill,  boren. 


An  excelleut  example  of  the  profit  to  be  derived  from  the  care  and 
pablication  of  the  material  of  the  older  explorers  is  Mr.  Charles  H. 
Bead's  paper  on  the  eollectiou  of  ethuograx)hical  spLcimens  fonad 
during  VancouTer's  voyage,  179(^1795,  plate  xi,  in  voL  xxi,  Jkunial 
of  the  AiUhrapologieal  InsHiute,  This  plate  shova  a  Mexican  atlati, 
or  throwing  stidc,  bnt  very  shorty  from  Lower  Oalifoniiay  to  be  held  in 
either  hand,  as  distinguished  from  ,  the  Alaskan  specimens  made  for 
either  hand.  The  bows  are  from  Oregon  or  Washington. 

The  curator  of  the  department  of  ethnology  in  the  U.  S.  National 
Mnaenm  has  instituted  and  encouraged  a  series  of  experiments  so  as 
to  reproduce  with  facility  all  savage  arts.  In  the  American  Antbro- 
pologlsty  with  the  collaboration  of  several  other  members  of  the  society, 
the  entire  tiM-hnique  of  the  arrow  is  worked  ont  The  same  process  | 
has  been  followed  with  fire-making,  bow-making,  basketry,  and  the 
manufticture  of  stone  itiipleroents,  by  Mi  s.sr.s.  Hough,  Murdoch,  and 
Mc(iuire.  Mr.  Ilolim  s's  pai)ers  so-calkd  paleolithic  implements 
should  be  here  iucluded.  It  is  held  that  iu  this  way  alone  can  modem 
etbnolo|,^y  be  made  to  otter  tme  explanations  of  the  mode  of  life  among 
ancient  jjrimitive  peoples. 

A  model  descri[>tion  of  an  art  is  Mr.  Thomns  Wurdle's  paper  in  the  • 
Journal  of  the  Socirtif  of  Arts  on  the  Tussur  silk  of  India  and  China. 
1 1  is  difficult  to  say  whether  in  the  natural  history  of  the  moths,  the 
chiboration  of  the  tirt.  or  the  description  of  the  native  silk  culturist  the 
author  is  most  happy.  Not  only  the  Indian  motlis  are  described  hut 
an  extended  list  of  silk  ])roducing  lepi<biptera  is  brought  t«)  tlie  ]ires- 
ent  date.  The  methods  of  treatment  by  extremely  simple  native  proc- 
esses is  funiished,  alonjr  with  Fairopean  treatment.  The  ethnologi&t 
will  be  charmed  witlj  the  account  ;:i\  (  ii  of  tlie  Saiitals. 

iM.  Philippe  8aliiion  has  constructed  an  elaborate  table  of  the  sub 
divisions  of  the  neolitliic  period  of  tlie  Stone  Ai^v,  especially  in  France 
(Kev.  Mens,  dc  ]'i:c()h'  dW iillirojjnio^us  Taris  i,  20),  dividing;  it  into 
(1)  Carnaceau  (Carnac,  .M(n  bihn!i)  ;  ('2)  Chtisseo-Rohenhausian(Cha8sy 
and  Hobenhausen);  and  (3)  Chanij.iiiiiicniie  ((  hainpi^niy ).  The  finesse 
ot  t  his  division  is  too«i:reat  for  repetilion  here  and  one  wonders  whether 
the  lines  of  demarcation  will  not  disappear  with  further  exploration. 
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A  maeh  more  usefiil  ftualysis  of  the  paJso-etbnic  period  in  Europe 
that  of  M.  6.  do  Morttllet  in  Bevue  Mmsuelle,  ^iven  below: 

Cl4M«(/Ei!aijoii  poletkmioytqu^  bjf  O.  <f«  MoriilUt. 


TnnpM. 


i 

I, 


M^iwvifiKiMiiMi.  FMiiiqiM»^BurRunil«u 


Kouiaiiiu. 


Fer. 


Actnel*. 


S 

9 

S 

I 
I 


(ialatieune. 
Ktniaque. 


I  Pime  polte. 


as 


.a 
t 

0. 


I 


i 

II 


•  I' 


'I 


Ttr  " 
l»lmi.  ^ 


I  Palr-ulithique. 


K»1ltbl<|ii<*, 


.  Ctonaaalqaeu 

('ImmiNloliouiif. 
Dccudenm  Jiomaiiie. 

LugdiiuiL-uue. 
I  Beau  temp*  JKoioaiM. 

CiRttluiite. 

I  iliillatulticiiue. 
j  DMTnmnliw. 

.  Lamaadlttina. 
2'  I^aeufttre,  uuOenn'  parilD. 

2*  LaoiMtrb,  iMurlie. 

UoU-nliauiieuiiv. 

Di'x  Dolraeiiii. 
1"  Lm'u«tn'. 

Ciinipifinifni)** 

Majjdalt'uieuii*'. 
Dm  Ckvcvsm,  miui^uni  partie. 
I  Ihi  RsiiDw,  praoqne  totallttV 

:  iJolittW'etiiie. 
Du  lteon«>  I't  dtt  MMniWtnth.  partle. 
lIeDob«rourii>nue. 

MuiiHterit-nni . 
,  Dq  Grand  cnira  tk<M  cftrimmt. 

'  A<'lnMll<'TllIlf. 

1  Uu  Ikliiinniaulli,  partie. 
I  Th'VFf«'ph«aaHti'iuu;  Ho. 

I  Chfllci-um-. 
JtorBlephatanHtiuuM. 


I'u.vmurulouin*. 
Mloi'fiM  mip^rleiir. 

TbcMUirtiii*. 
UloL*(iie  1iifil^rl«*iir. 
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A  reniiii'kable  series  of  lui  k}'  finds  were  made  on  liic  llf»i>t'\\  ell  lauu. 
near  Cliillicotbe,  Ross  County,  Ohio,  by  Mr.  ^\  ai  ren  K.  Moorbea*!,  di- 
rector of  the  WorUi's  Fair  archseobij^ical  expedition  at  tbat  ])()int.  Not 
only  were  new  forms  of  objects  discovered,  but  old  fonns  were  ccjllet  ti  d 
by  thousands.  The  excitinjj:  part  of  the  exploration  was  the  finding 
of  hundreds  of  copper  objects,  many  of  them  of  such  uniform  thiuue^s 
as  to  raise  the  qoestton  of  their  European  origin. 

The  Drexel  Institute,  founded  in  Philadelphia  by  the  liberality  of  Mr. 
Anthony  J.  Drexel,  will  be  devoted  to  the  encouragement  of  technical 
indostrieB.  The  mnseum  will  be  administered  on  the  plan  of  t^oatb 
Kensington. 

Before  the  Tennessee  Historical  Society  the  Hon.  Gates  P.  Thurston 
delivered  a  short  course  of  lectures  on  the  archseology  of  Tennessee. 

SOCIOLOGY. 

Economic  science  as  a  branch  of  sociology  is  the  all-absorbing  study 
of  the  time.  There  is  not  space  to  enumerate  the  separate  books  and 
papers  on  this  subject,  but  every  reader  should  know  the  general  re- 
sources of  the  study.  Section  F,  British  Association,  Economic  Sci- 
ence and  Statistics  List  of  Papers,  p.  xix. 

Among  the  political  leaders  of  France,  as  well  as  in  the  Soci^t^ 
d'Authropologie^  no  other  question  seems  to  be  of  such  Importance  as 
that  of  the  decrease  in  natality  throughout  the  Bepublic.  M.  GherviD 
sums  up  the  results  of  an  inquiry  in  the  department  of  Lolr-et-Garonne 
in  the  BuUetin  de  la  SwttiU  d?AiUhropologie  (4  ser.,  n,  42-78).  There 
results  the  demonstration  that  in  this  rich  department  it  is  the  most 
wealthy  that  have  the  smallest  number  of  children,  and  in  the  most 
thriving  part  of  the  department  the  average  of  ehildren  to  a  family  is 
one.  Among  the  causes  of  this  paucity  M.  Ghervin  finds  that  the  well- 
to  do  peasant  and  farmer  wills  it  to  be  so,  and  he  believes  that  no  leg- 
islation will  effect  a  radical  change.  Believing  that  quality  and  tbat 
early  deaths  become  a  potent  factor  in  the  def'line  of  population,  to  M. 
Ghervin  the  saving  and  perfecting  of  lives  already  created  is  the  fejisi- 
ble  method  of  strengthening  the  ])opnlation.  Assistance  and  hygiene 
are  the  practical  m<'tlin(ls  of  relief. 

M.  Bertillon  (u/.,  306-385),  regarding  the  terrible  dang*- rs  to  which 
the  phenomenally  low  natality  in  France  exposes  her,  and  b<'H»  viug 
that  the  evils  of  ah^oholism,  tobacco,  and  syphilis  have  only  a  subsidiary 
iuHuence,  makes  the  following  statement:  "That  which  renders  the 
nntality  of  France  so  feeble  is  the  voluntiiry  sterility  of  families  hav- 
ing some  property.  Such  families  are  excei)tionally  numerous  in 
France.  They  know  that  the  sure  way  to  keep  their  property  is  to 
li:i\  «'  only  one  child,  and  a  sni  c  way  to  lose  it  i'^  to  Imve  more  than  two. 
One  way,  theretorr.  to  save  I'mncr  is  to  remove  th<5  cause  of  fe«ble  na- 
tality and  to  makr  it  more  <l(siriil>li'  iu  the  way  of  relief  from  taxation 
and  increased  security  of  property  to  have  three  children  than  one,'*  lu 
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the  older  settletneutH  0^0111  own  counirv  altentioii  has  fm|ueutly  been 
calh»d  to  the  <le<'liiu'  in  the  iniiiibt  r  ol  large  tainilit'S. 

J)r.  Ivoltert  rietclier  lias  brought  together,  in  his  address  before  the 
Anthropohigiiiil  8ot  iety  of  W  ashington  as  retiriiiii  jiresident,  the  re- 
sults of  a  careful  study  of  the  new  school  of  (  l  iniinal  anthropoh)g}'. 
By  criminal  anthropology  is  meant  the  study  of  the  being  who,  in 
conseciuence  of  physical  couibrmation,  hereditary  taint,  or  surround- 
ings of  vice,  poverty,  and  ill  exami)le,  yields  to  temptation  an<l  begins 
a  career  of  crime.  It  is  to  study  the  anatomy,  the  physiology,  the 
liygieue  of  the  criminal,  liia  productivity,  his  i^pability  of  amend- 
meiity  to  examine  into  his  condition,  and  to  recognize  his  rights. 

An  indispensable  work  to  students  of  the  history  of  human  marriage 
is  Edward  Westermarck's  work,  published  by  Maemillan.  The  author, 
it  is  true,  is  at  issue  with  almost  every  school  of  anthropology,  and  for 
that  reason  presents  the  subject  from  a  new  point  of  view,  bat  he  has 
brought  together  a  vast  amount  of  materiaJ,  and  his  list  of  authorities 
quoted  amounts  to  a  fhll  bibliography. 

The  pedagogic  problem  has  been  taken  up  from  the  side  of  anthro- 
pology. President  G.  Stanley  Hall,  of  Clark  University,  Worcester, 
Mass.,  has  established  a  new  Journal,  entitled  The  Pedagogical  Sem- 
inary/* as  an  international  record  of  educational  literature,  institutions, 
and  progress.  The  second  number  of  vol.  i,  is  devoted  largely  to 
children  and  adolescents,  and  deserves  that  the  contents  be  given 
bodily: 

Editorial.  G.  Btanlay  HaU. 

N(»t«'8  on  the  study  of  infunUt.    G.  Stanley  Ilall, 

C'oiif tMits  (if  cliildrnti'a  mindn  on  cTitfriiifr  si  IhkiI.  Id. 

The  moral  and  religiuus  training     children  and  adjiicm  ents.  Id 

CIiildreD8'  lies.  Id* 

The  study  of  ■dolescencv.  Mre.  H.  Bumbnni. 

ObservationB  of  children  at  the  W(n  <  i  sti  r  Normal  School.  Id. 
Anthropological  iuvestigatiouH  of  KchotdH.    F.  Bom. 

Keviews  are  also  given  of  the  following : 

Thestoryof  a  8andi»ile.    Hy  O.  .Stanle\  Hall.  .Tune,  \>m. 

Boy  life  in  a  MiMsai-hnsetts  townik  quarter  of  :i  century  ago.   Jd.    Proo.  Am.  Antiq. 

Soc,  1890,  i».  107-12H. 
Budimentaty society  among  Yntys.   By  Jolin  JobiiMOn.  Ovitrland  Hontlily,  and  Jobiis 

Hopkins  Hist,  and  Poltt.  Studies,  1884. 
OlMervations  on  iH»11ftgB  R«>nion.   By  A.  E.  Kirkpatriclc.   Am.  J.  of  Psycbol.,  1890, 


Phj'Hical  truiniug  in  American  colleges  and  univorHilics.    Jly  K.  M.  llartwoU.  Cir- 
cular of  Information,  Bureau  uf  Etlucatioii,  No.  r>,  l8K~i,  IKi  pp. 
Pbjsieal  trainini;  conference.   Id,   Boaton,  1889,  p.  155. 

Pbysical  ami  industrial  training  of  criminals.   By  H.  I).  WVy.   Industrial  Edne, 

Ah<*o.-.,  N.  v.,  1888,  i>.  no. 
f)verpres.sinf  ill  the  hijih  •^(^lincds  of  DiMiTTiaik.    IKlM.  lliih!.  London.  188r>.  14H|»|>. 
The  growth  of  children.    By  H.  T.  liowditch.  Eighih  An.  kept.  Muhh.  iJd.  of  Health, 

Boston,  1877;  also  Tenth  An.  Kept. 
Why  do  yre  measure  mankind!  Francis  Galton.  Lippiticott'a,  Febrnary,  1890;  also 

the  roporta  of  Mr.  (Jalton's  lalM)rjitory  w«»rk  and  nieitsiiring  apparatus. 
Cambridge  anthropometry.   By  John  Vcron.   J.  Anthrop.  Inat.,  xxiiif  140  pp. 
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All  uuthropulugioul  eal)iii«'t  lor  pctlagugu"  piu  jmwi-K.    I'rof.  S»Tgi,  uf  th»»  l  uiv.  ol 

Bom.  EAncfttUw,  Sept.,  1886. 
Montal  asBociatioiL  invMtiKiiilMl  by  exporimeiit.   By  Cfttc«ll  Hud  Bryant.  Mind,  xiv, 

Tho,  rhiUlron :  How  to  study  thoii.    Hy  FranriH  Warn.  r     London         .    xO  ]>p. 
Exporimpiits  in  t»'rttiug  tbo  chnracter  of  Hihool  ohiidivu.    iiy  Mi«».  S4»i>lii«-  Bryant. 

J.  Autbrop.  Iiust.,  XV,  338. 
Mentiil  inuftgerj.  Francis  OaltoB.  InquiriiMi  into  homan  faculty,  p.  8S. 
Eye-niindedneas  and  ear-mindedneHS.   By  Joa.  Jaatrow.  Pop.  8c.  Month.,  xxziii,  p. 

r>f»7. 

A  study  m  meiital  statiHtic^H.    .Ion.  .luHtrow. 

Replies  by  teachers  to  qm'stiuuH  respuctiug  ni«>utu1  latigue.    Francis  (iultou.  J. 

Anthiop.  Inat.,  1888,  p.  157.  I 
On  tbo  principle  and  methodaof  amtguinK  uiarlca  for  bodily  in«»fllcieucy.  F.  Gallon, 

Nature,  Oct.  3,  1889. 
I'j-Imm-     liuhs anderungrn.    ().  Lomhrrg.    ICllo-rd  hl,  1S87. 
^«tt«  s  Oil  Hludies  of  tbe  languugv  of  cbildrou.    iiy  E.  C.  Sauford. 
Die  StipendeiiL  und  Stiftnngen,  Cmivictc,  Freitimlic,  etc.,  in  alien  ITnivendtitoi 

dea  deutBchen  Reicba.  Dr.  Max  Banmgart.  Berlin,  1886,  p.  760.  i 
Orun4lsiitz«^  und  H<'dingungen  der  Ertheilnng  der  Doctorvurde,  «*tc.  Baamfut, 

liie  iveloiin  iloi  Duktorproinotion.    Max  Oberbreyer,  Kisenacb,  p.  ir»5. 
Allgcujuiner  »l«utst  beu  Uochscbulen.    K.  Kukulu.    Wieu,  1888,  1,000  pp. 
Lebrbneh  der  Endebnng  imd  Unterricbta  mit  beaonderer  Berilcbaiebtifnuig  der 

piiyohologiflcben  Grundlagen,  etc    F.  Dents.   Karlsrubt*,  i  in  1887,  Xi  in  1880. 
CtetinnnngKuntrrriclit  tutd  Kiiltnr^fsi  liit  ht<3,  E.  von  Sitllwurk,  Lungensal/a.  Hcyer 

&  !s«obni',  Hi*'  piidogogisrbo  I'ai liologir  odor  di<'  L«ehre  von  dcn  FeUlem  Uer 

Kinder.    J^.  Mrumpoll.    Leipzig,  IhUO,  vi225pp. 
Die  Eraielinngaehnle  naeb  p.syrbobigiscbem  Gmndaiitzen,  £.  Doring. 
Conf«l$renee  iinr  t'enaeignement,  F.  Horridge,  18B0;  La  Seieneede  I'enwignement;  M., 

1888,  Paris,  A.  KouHseau:  L'KnNoignement  conunercial  ot  les  I'colea  de  couuncrce 

onFranro  et  dans  I.-  Mondf  entirr.    F,.  Lt'!uit<>y,  Paris,  178(),  774  pp. 
Un  lyc<^i)  Kou»  la  troisu  ui«  iiopubib|ue,  ['.  \  erdun.    I'aris,  1889,  E.  Ileutur,  AiH  pp. 
Manual  training  in  France,  A.  Salicis,  N.  York,  1890. 

Report  of  the  Indian  Education  CommlaBiou,  Calcutta,  1883,  Gov.  Print.,  639  pp. 
Hiatoryof  indigenous  education  in  the  Paiijattb  aince  annexation  and  in  188S;ti. 

f  eitner,  Calcutta,  1883. 
A  new  review  of  National  I'dnentiou.  H.  I'.itjgs,  IjOu<1ou,  1890,117  pp. 
A  jdcii  for  pure  scieucu,  H.  A.  Rowland,  Proc.  A.  A.  A.  S. 
8ugg«>8ted  reform  in  Public  .Schools,  C.  C.  Catterill,  Edinbnrgb,       178  pp. 
Univernity  extension,  S. T. Skidmore^  Lippincott's  Mag.,  Oct.,  1890. 
Year  IJook  fifltrinied  Societies  in  (iroat  Ilritnin  and  Ireland,  London,  1885,  281  pp. 
La  decadonza  «leir  L'niversitfi  Ituliana,  T.  Martello,  ItolojrTm,  1H*»0.  13!^  pp. 
Das  ScbulwcMien  Italieus,  be^onders  die  Kealscbuleu  JtaliuuK  iui  .iabru  1878,  Max 

Strack,  Leipzig,  1878,  80  pp. 
Raecolta  conipleta  di  teaii  di  leggo,  decreti,  etc.,  Bmto  Antanto,  Koma,  1890. 470  pp. 
Statistica  delF  In^truzione  Hcenmlarie  Ruperiore.  Konia,  1889. 
8tato  di  provjsinnc  ibdla  Spe«;i,  ctf..  Rfttna,  18S7,  pp. 
(iuida  de'  Coaiiini  e  cie  MacAtn  liruto  Auiaute,  2d  (SiL,  18tiO,  25.3  )»p. 
L'l'uiversit*^  de  DruxuUes,  L.  Vauderkindere,  Hruxellcs,  1884,  214}  pp. 
Rapport  triennial  sur  F^tat  de  Tenseignement  moyen  en  Belgiqne,  Brnxelles,  1887, 

clxv  218  pp. ;  also,  L*In8tnicti»n  Prinwire,  ecxiix.  762  pp. 
Conseil  de  pi^rf<'<  tionneuient  de  I'instniction  primaire,  nmxelles.  1883.  7n  i)p. 
Kntwickelung  und  (iestaUung  dc8  balgiscbeu  Voikii8cbulwe(M>UM  srit  1^2, M.  L^uer, 

Berlin,  1885,  191  pp. 
Annuaire  de  TUniversit^  Catholiqno  de  Lonvain,  1800,  xcviii,  419  pp. 
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Miuiatcru  <lc  I'iustructiou  iMibliquu.  Kerui-il  dos  lois  et  arn^t<^8  reiatii8  ii  l  ea- 
seigaeuieut  sup<Srieart  Bruxelles,  374  pp. ;  also  Aimuuirc  ututiHtiquu,  20th  jear, 
twenty  volumes  (alto  otlier  Belgian  documents  of  a  pedAgogio  charaeter). 

L'AbeiUe.    Kevue  poduf^oj^iquo,  ftc,  Uriixellea  (in  1891,  36tb  volume). 

Anniinrio  de  la  8eccion  de  Instracdon  publica,  j^ntiago  de  Chile,  No.  113,  WOOf 

CougreHu  nuoiuual  pcdagujico,  Santiugo  de  CUUu,  WJO,  274  pp.    ALso  Meuiorta  did 

Ministro  de  Jastioia  e  Instmcoion  p^ibliea.  7c.,  id.,  368  pp. 
Bevista  de  Instraeeion  prlmaria,  Santiago  de  Chile,  170  pp.  (Also  other  pubKe 

Chilean  docunicntH). 

fitade  rr<^oi^aphi«inp,  statiHti<iii<  ,  descriptive  tst  Uistorique  dee  iStata  mexicatna,  A. 

<'ul)a«,  Mexico,  411  pp. 

Pedagugit.koskiy  Mozey  Vocuao-uohebuuh  xavoduey,  1888-90,  .St.  Petersburg  (20th 
and  21st  Annual  Report  pedagog  Has. )  Also  edacational  mapa  of  Russia. 

Verslag  van  deu  Staat  der  hoo^je,  iniddflbaru  en  lagcn*  Hcholen  in  het  Koninkr^k 

der  Nederlanden,  over  lH8S-8r>.  's  Graveuli  t-r    is*«(),  458  pp 
Aniiurio  EHtadifltico  d«*  Instni'  (  idu  ruldic:i,  Ins;*.    Madrid,  IHIK),  pp. 
Meinoria  presentada  al  Coii'^ri'so  .Xacioual  tie  lHiK>.    By  I>.  A.  Alorta,  Uuunos  Ayre«, 

1880.  3  vols. 

CI  Real  Colegto  de  San  Ignaeio  de  Loyola,  Hezieo,  1889, 244  pp.,  appendix,  130  p. 

Reohcrclie.s  sur  le.s  inouveiiu'iits  I'hc/  quelquoH  jeuncs  onfauta,  Biiiet,  Hov.  Philos., 
Mans.,  18!K).  La  ])orception  dos  lougours  et  des  nombree  chez  qiiehiues  petits 
enfants;  id.  Gnillct. 

Perception  des  en&uts,  id.,  ddoenibre. 

Ueber  Geisteesturungen  in  der  Schule,  Ch.  Ufer,  Wiesbaden,  1891. 

A  report  on  th»  examination  of  100  brniuH  of  feeble-minded  children.   A.  W.  Wil- 

tnartli.  Ali.  ni  t  vV  Xeurolo^nat,  Oct..  1K00. 
The  growth  of  children.    G.  W.  Pecliham,  MilwauKee,  1881,  WitKsonstn  lk)ard  of 
Health. 

Foreign  miaoellanies,  by  the  editor. 

P0LK-1.0BE,  MYTHOLOGY,  AX1>  HIEKOLOGY. 

The  third  auDual  Jiieetin«ij  uf  the  Aiiieri<*aii  Folk  lore  Society  was 
lield  at  the  Oolambiau  University,  Wa.sliiuj^ton,  1).  C,  on  Tuesday  and 
Wednesday,  December  29  and  .'iO.  This  meeting  of  the  society  was  of 
especial  interest  on  accoiiut  of  the  co-operation  of  the  two  anthropolog- 
ical societies  of  Washington  in  giving  to  the  sessions  a  scdentific  torn. 
The  papers  were  mostly  njKm  Amerii-an  aboriginal  lore.  The  organ 
of  tlie  society,  the  Journal  of  American  Follv  lore,  edited  by  W.  W. 
l^ewell,  devotes  much  space  in  each  number  to  bibliography.  Brandies 
of  the  American  Folk  lore  Society  are  the  Louisiana  Association  of 
the  American  Folk-lore  Society  and  the  Boston  Association  <>f  the 
American  Folk-lore  Society.  An  independent  organizati«m  is  the  Chi- 
cago Folk-lore  Society,  arid  there  is  also  a  folk-lore  section  uf  the 
Museum  of  Arrhirolorry  of  the  University  of  Pcinisylvaiiia. 

The  inootiii*;  of  tin*  Inteniiitioiiul  Folk-lore  Congress,  at  Hurlington 
House,  JiOiidoii.  ill  October,  and  the  third  annual  meeting  of  the  Amer- 
ican Folk  lore  Society  in  Wasliington  in  December,  were  important 
events  in  the  e\(>hitioii  of  that  science.  Regarding  folk-lore  as  the 
archa'olagy  of  thought  and  custom,  tlie  presidents  of  both  gatherings 
flwt  lt  on  tlie  fact  that  tlu'  mere  dilettante  colle<  (inLr  stage  had  now 
been  passed  and  folk-lorists  were  euguge<l  iu  a  serious  business. 
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The  Hc  iciu  cof  f<>lk-lore  has  been  very  imicli  st  ren«^theiietl  in  Ger- 
many by  the  foiindiuj?  of  ZeitHvhrift  dex  Veri  ins  f  iir  Volkitkundej  which 
is  a  iipw  branch  of  Lazaru.s  and  tStanlhars  Zi  itHchrift  fiir  Volkerpny- 
vliitl<Hjii'  and  Sj>rachwU(scn)«'haft.  The  carefully  prepared  bibliojjraphy 
ol  journal.s  and  other  works  relatiuf;  to  this  science  accompanying^  «'aLh 
number  obviate  the  necessity  of  rei)eutiug  here  the  title  of  every  paper 
that  has  appeared  (Mi  this  subject. 

The  iVit'uds  (»{  I  lit'  study  ot  comparative  relijfiim  conducted  in  the 
University  ol  Penusylvania  a  loan  collection  of  objects  used  in  reli- 
gious ceremonies,  including  charms  and  implemeuts  used  in  divina- 
tion. The  basis  of  the  exhibition  was  a  collection  of  Oriental  idols 
of  the  Board  of  Foreign  Missions  of  the  Presbyterian  Church  of  the 
United  States.  Tliis  is,  so  far  as  reported,  the  first  attempt  to  set  up  an 
exhibition  of  this  kind,  and  could  be  repeated  in  almost  every  city  of 
the  United  States  with  happy  results,  not  only  with  religious  objects, 
but  also  to  illustrate  any  class  of  anthropological  concepts. 

Ttio  lectures  of  Count  Goblet  d'Alyiella  on  the  origin  and  growth  of 
the  conception  of  God  as  illustrated  by  antliropology  and  history,  in 
tlie  Hibbert  Course  for  1891,  define  the  lindts  mtbin  which  the  stndy 
of  religion  may  be  considertH!  a  part  of  the  natural  history  of  man. 
In  these  summaries  the  subject  has  been  made  to  include  the  creeds 
and  cults  of  men  and  of  the  world.  From  the  side  of  the  spirit  world, 
the  stndy  has  been  called  daimonology,  but  tliis  term  is  entirely  too 
narrow.  Count  d'Alviella  employs  the  word  ^^hierography as  includ- 
ing the  stndy  of  both  creeds  and  cults.  The  elements  common  to  all 
organized  religions  are: 

(1)  The  belief  in  the  existence  of  superhuman  beings  who  intervene 
in  a  mysterious  manner  in  the  destinies  of  man  and  the  course  of  nature. 

(2)  Attempts  to  draw  near  to  these  beings  or  to  escape  from  them, 
to  forecast  the  object  of  their  intervention  and  the  form  it  will  take,  or 
to  modify  their  action  by  conciliation  or  compulsion. 

(3)  Recourse  to  the  mediation  of  certain  individuals  supposed  to 
have  special  qualifications  for  sur^cess  in  such  attempts. 

(4)  The  placing  of  certain  customs  under  the  sanction  of  super- 
human powers. 

Primarily,  religion  is  defined  as  '*the  conception  man  forms  of  his 
relations  with  the  suiierhuman  and  mysterious  powers  on  which  he 
believes  himself  to  depend."  Further  on  and  growing  out  of  this  con- 
ception are  the  acts  which  man^s  primitive  conception  of  superhuman 
beings  and  his  relation  with  them  lead  him  to  perform.'' 

Commencing  with  primitive  animism,  these  conceptions  have  arisen 
thnmgli  polydcmonism  and  polytheism,  through  dualism  to  monotheism. 
The  outlook  in  this  anthoi^s  mind  is  most  cheering.  (>it  the  other  hand, 
the  teachings  of  the  l^cole  d'Anthropologie  are  to  the  effect  that  under 
the  clear  light  of  science  all  religions  will  be  banished  from  the  world. 
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BIBLIOORAI'HY  OF  ANTHROPOLOGY,  1H91. 

Aarb0jc^<*r  fnrNonlisk  ( )lilkyiHli^ho(I  i)<^  ifistorie.  ITdrrivene  af  dot  Kongelige  nor- 

diske  Oldskrirt-Siilskiib.    K,iyl>t>iiliiivn,  voi.  i,  IfiM. 
Abbott,  Chablks  C.  Aimuul  Report  of  the  Museum  of  American  Arohnology  in 

connection  with  the  Univeisil^'  of  Pennsylvania.  Presented  to  the  president 

and  council  of  the  I'niversity  Archa*ological  Association,  OetobeTf  1890l  Phila., 

181'0.    rnivcrsity  T^rons,  54  pp.,  4  pi.  8vo. 
 Sketch  of  Dauicl  Garritfoa  Brinton.  Pop.  ik.  Month.,  N.  Y.,  1890-'91,  XXXViii, 

836-840,  port. 

Abbrcboiiby,  J.   Magie  songs  of  the  Finns.  Folk-Loro,  Lond.,  u,  81*49. 
Abhaodlnngen  far  die  knnde  dee  Morgenlandes. 

Aoademy,  The.   A  weekly  review  of  literature,  science,  and  art.  London,  27  Chan- 

eery  Laui«.    fRevi«^wH  of  ht'sf  works.] 
ACIIELIS,  T.    Ethuologie  und  Ethik.  Zt^du  .  1.  Kthnol.,  Berl.,  xxiii,  66-77. 
Aetes  dn  Con^n^s  international  d'untliropoiugie  criminelle  at  Rome.  Toriu,  1887. 
Act,  E.  d*.  De  FOrigiue  dn  Bronze.  Compte  Rend.  d.  Cong.  Seient.  Intemat.  d. 

Catholiqnes,  Paris,  Ainil  1-6.   PariH,  1891,  Picard,  11  pp.  8vo. 
—  LeH  silex  tnC8viuien.s  ct  lea  ailex  Pn^quatornaircs  *lc>s  environs  do  Mods. 

[Extr.  Her.:  I)«'«f]M»'st.  8eieut.]  July.   Hruxclles,  18U1,  Polleuuis,  28  pp.  8vo. 
Alabama  Historical  Society.   Tunkuloosu,  Ala. 
Alabama  historical  reporter,  v.  2-8,  July,  1884;     3-7,  July,  1885. 
Alaska  Historicsl  Society.  C.  H.  Schaap,  corresponding  secretary,  Sitka,  Alaska, 

Organized  December,  1S89.   Not  yet  publishing. 
Alaskan  Society  of  Natural  History  and  Ethnol.    Sitka,  Alaska. 
Albany  Institute.  G.  R.  Howell  and  Ernest  .1.  Miller,  secrotaries,  Albany,  N.  Y. 

Transactions,  i-xi  1850-1887.   Proceedings,  vol.  i,  pamphlets. 
AuiBBTONi,  P.  La  physioiogie  et  la  question  soclale.  Ber.  Solent.,  Par.,  xlvu, 

225-232. 

Ai>i  KM  A  N,  L.  A .  W.  Optics  as  related  to  erolntion.  New  York,  Appleton,  260-294  pp. 
(Evolutiou  Her.,  No.  KK  ) 

AixisuN,  S.  S.  The  Siuuikuiuovu  iiuliau»  of  British  Columbia.  Rep.  Brit.  Ahhoc. 
Adv.  Sci.  1881.  Lond.,  lxi,  816. 

AXTOCHOFF,  N.  Enceplialometric  researches  on  the  brain;  with  regard  to  sex,  age, 
and  cranial  index.  Moskva,  58  pp.,  7  tab.  8vo. 

AI.VIKI.I.A,  !>'.  DcHcroynnces  iilU  gicuHes  aux  ages  de  la  pierre.  Bui.  Soc.  d.  An- 
throp.  do  Hru.\.,  I8y0-91,  234-240. 

American  Academy  of  Arts  and  Sciences  ( Athenceum  bnilding,  Beacon  street),  Bos- 
ton, Mass.  Proeei*dings,  v.  19, 1884;  v.  SS,  1890.  Memoirs,  11,  pts.  4-6,  Nos. 
6, 7, 1886. 

American  Acadeun'  of  rjtliti<  al  iind  Snrial  Srionce.  (Station  H)  rhiliult'l]»Li;i,  Va. 
The  anualh  tjt' the  Aineric.jiu  A<  ;iflciuy  of  I'olitical  and  Soc. .Science  Biniuutljly, 
started  July,  1890.  The  Philadelphia  Social  Science  Association  was  merged 
in  this  society  in  1880. 

American  Anthropologist.  Organ  of  the  Anthropological  Society  of  Wsshington. 
By  the  so<  iety.  (^unrtcrly.  A1>stract«  of  trans.  Transactions,  Tol.  vol. — f 
1887.    Am.  Anthropohjgist.  l^ss,  vol.  i;  1K91.  vol.  iv. 

American  (The)  Anthropometric  Society.  I'hiladelphiu.  Dr.  Wm.  Popper,  secretary. 
(The  members  direct  that  at  their  death  accurate  records  of  their  cerebral 
topography  be  made.) 

American  Antiquarian  and  Oriental  Jonmal.  Bimonthly  illustrated  Jonmal.  Editor 
S,  l».  iVft.  Avon,  III.    Chicago,  1878-1891;  vol.  i-xiv. 

American  Antiquarian  Society,  Worcester.  Mass.  Archieologia  Americana.  Trans- 
actions ami  collections  of  the  American  Antiquarian  Society ;  v,  vii,  Worcester, 
1885.  O.  Proceedings,  t.  iii^  Oct.  3,  1881;  Hoi.  vi,  April  3, 1890.  Cambridge^ 
Mass.,  1886>'90.   Report  of  the  council,  Oct.  23, 1880. 
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Aineri«iiii  Arohieologicftl  Aflmdation.  A.  B.  FMnliaiii,  Moretaiy,  Benntngs,  D.  C. 
Amerioan  Amociation  for  the  Advancement  of  Science.  (F,  W.  Pntnam,  permaneDt 

secretary,  Baletu,  Ma«8.)  Pro  .  .  dini^'s.  Annual,  v.  xwii.  IWl;  v.  xxxix,  1»90. 
Anipri«'!m  f'atalogiic  (Thf).  Foiiudt  <l  hy  V.  IxiypoMt.  lssi-l8iH).  BooUm  rceonlM 
(iiieludiug  reprints  ami  ituiwrtat ions),  July  1,  1H^<4;  June  30,  1890.  Compiled 
under  the  editorial  direction  of  K.  R.  Rowker,  by  A.  I.  Appleton  and  others. 
I.  AutbOT*and-tit1e  alphabet.  II.  8tibj«!ct  alphabet,  etc.  New  York  office  of 
Publisher's  Weekly. 

American  Catholic  Historical  Reeearchee.  A  qoarterly  niagaiiue.  Philadelphia,  1888- 

1891,  M.  I.  .1.  (Jriffln. 

American  Dental  ABmn  iation.   Instruct  ions,  tables,  and  diagrams  for  t  he  exami- 
nation of  hanum  crania.  Series  A.,  n.  p.,  101 1.,  ohL,  fd. 
American  Beonmnic  Aflflociation,  Baltimore,  Md.  Pnblications;  contribationa. 

American  Folk  I. or.'  Society,  noston.  Mass.  J.  Am.  Folk-Lore  (qnarterly);  r.  I» 
188M;  V.  iii-ix,  IMJK).    Hou;;htoii.  M..  Co. 

American  Geoj^raphical  Society,  11  West  Twenty  ninth  street  (KUiott  F.  Hell, 
secretary),  New  York  City.  Bulletin  v.  16;  2,  1884;  v.  22;  2,  1890.  (Forms 
Jottnial  when  yearly  volume  Is  completed.) 

American  Ilistorical  Association.  U.  8.  National  Museum.  Washington.  D.  C.  (A. 
H.Clarke,  assistant  srrrctary^.  Papers.  8vo.  v.  i.  18<t:  v.  iv, 3,  1880.  Put- 
nam.   Cont.,  V.  1,  No.  1.    Sept.  S»-10,  1884;  v.  4.  No.  1,  Dim  ..  IS^il. 

American  Institute  of  Christian  Philosophy,  New  York.  F'ounded  in  1891.  Pub- 
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CORRSt  A.   Crime  et  anlcidc ;  ^tiologie  gdudralc ;  facteure  individnels,  aociologiques 

et  eoamiques.  Paris.  O.  Doin.  660  pp.  12mo. 
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4to. 

Correspoudenzblatt  des  Gesamrotvcreins  der  diuiteehen  Geaohichts-und  atterthoma 

verinc.    Thirtr-iiinth  annual  meeting:  in  ^X9\, 
Cosmos.   Conuuunicaziund  sui  progress!  piu  receuti  c  notevole  della  geogralia  e 

delle  science  aiBni  di  Ouido  Con  Torino.  Vol.  1,  xii ;  1873-1881.  4to. 
Crawford,  J.    Neolithic  man  in  Nicaragua.    Am.  Antiq.,  Mendon,  111.,  xiii, 

293-296. 
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■■    Japanese  stenography.    Public  Ledger,  I'liila,,  Aug.  11. 
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 Street  games  of  Imys  in  Brooklyn,  N.  Y.    J.  Am.  Folk-Lore,  iv,  221-23^. 
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CtiNNUfUHAM,  D.  J.   The  Hkeleton  of  the  Imh  giant,  Cornelius  MagrtUh.   Tr.  Hoy. 

Irish  Acad.,  Dubl.,  acxix»  568-612,  2  pi. 
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XLVii,  36&-371. 

Dkmen  Y,  Geobuks.  Precision  in  physical  training.  Pop.  8c.  Mouth.,  N.  Y.,  XXXViii, 
467-476. 
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496-606. 

Dorsbt,  J.  S.  Heredity;  some  reflections  on  ii.  Virginia  M.  Month,  Richmond, 
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^—  Oiuuhu  autl  I'uaca  letters.  Bur.  of  Ethnol.  of  the  Bmitlison.  lust.,  speciil 
biil1«tin. 
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founded  iu  1892. 
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Iron  mills  and  pnddling-fiiniaeeB.  III.  Iron  smelting  by  modem  methods.  IV. 
Iron-working  with  machine  tools.  Pop.  Se.  Month.,  N.  Y.,  xxxviii,  S14"838,U 
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47-54;  247-252. 
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Geog.  Anst.,  (iothji,  XXVII,  81;  114,  (i  pi. 
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Vi  f  IS.  A.  B.    On  polyanWry.    Pop.  .Sc.  Month.,  N.  Y.,  wxix  hcI  K09. 

 <>a  Voda-worahip.    Pop.  Sc.  Mouth.,  N.  Y.,  xx.xviii,  »>.»1-4»4».S. 

——Survivals  from  marriage  by  capture.  Pop.  Sc.  Mouth.,  N.  Y.,  xxxix,  207- 
222. 

Ejvcaussb,  G^:KAitn.   Kssai  do  physiologie  syntb^tiqne.  Par.,  1891,  Georges  Cm6, 

8vo.  f,i.  K'ov.  Sciont.,  Par.,  xi.vii,  :i08.] 

Ekckert  (von).     Kopfttiossniigen  Kankaei«cher  VSlker.    Arch.   f.  Antbrop., 

Bruschwg.,  IKiU,  xix,  ;k{1-;».57. 
ERX0T,  A.  Cher  einlge  wenigcr  bekannte  Spraohen  ans  der  Oegend  des  Heta  nsd 

obeiD  Orinoco.  Ztschr.  f.  Etbnol.,  Berlin,  Ariier,  xxin,  1^13. 
ERRKRA,  S.    Stir  la  loi  de  la  conservation  de  la  vie.    Rev.  phil.,  Par.,  xxii,  32l-3a>. 
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Eylk,  Pktuona.   Leber  Bilduugs-Auomalieu der Ohrmuschel.  ZUrich, 60pp.,  4  tab.. 
4  pL  8vo. 
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MontUy  meetlugs.   Keports  aod  papers,  No.  4.   Naw  building,  gift  of  P.  T.  Bar- 
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Fbkrarini,  C.  Forma  e  dimension!  dello  ucheletro  del  uiwo  uell  uomo.  Arch,  per 
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aimI  Archaeol.,  Boat,  and  N.  Y.,  i,  1-B2,  1  pi. 
 A  suggestion  as  to  the  meaning  of  the  Moki  nnake  dance.    J.  Am.  Folk-Lore, 

Bo6t.  and  N.  V.,  iv,  129-138. 
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nralist,  Phila.,  xxv,  182-183. 

—  -  -  On  Zeni< -s  from  Santo  Domingo.    Am.  Anthrop.,  Wash.,  iv,  1»^7  17'.  3  \A. 

•  Kcconu»is.san(  ('  of  rnins  in  or  near  the  Za&i  reservation.   J.  Am.  Ethnol.  and 

Archaeol.,  Boat,  and  N.  Y.,  i,  92-132,  1  pi. 
FiVKBKTTE,  G,  etF.  Pnglia.  Snr  Tapplioation  de  ranthropologte  auz  Idglalationa 

et  aax  qneationa  de  droit  civil.    Aotes  Cong.  Intemat..  d' Anthrop.  Crim.,  1889, 

Lyon  et  Par.,  1890,  ii,  113-122.  * 
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The  new  aohool  of  criminal  anthropology.  Am.  Anthrop.,  Wash.,  1891,  iv, 

201-3S6.   [Reprint,  Waahington,  Judd  Sl  Detweiler,  38  pp.,  8vo.] 
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Foa,  Ei>OUARI>.    L<'  Dahomey.    Rev.  Sfi»Mit.,  Par..  \!  V!l.  ttC-aOB. 
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Fknnootte,  xavier,  L'tuithropoic^e  orimineUe.   Paris,  .1.  li.  BaiUi^re  et  Ala.  376  p. 
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  Une  incautation  enura<?ratlve.   H^asine,  Pm.,  v,  225-228. 
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LiKDKKiiCtiMiT,  L.  Da»  Hrankitcbo  Scbwort  ana  don  Grfibem  von  Halldtadt  ond 

das  vorgeaohtchtlioho  Ei^ouschAvert  nra-dUch  dor  Alpen.    Areh.  f.  Antluop., 

Hni.«<th\v}r.,  1890-'91.  MX.  :?f>*»-31,%  2  pi. 
Linun>au  So(  i«  ty  of  Nt-w  York  (  J.  Dwi^bt,  jr.,  Sec.  Am.  Mus.  Nat.  lii^t.),  New  York 
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Homaine"  and  crimiuul  antbropoln<;T.  3.  Paychiatry  and  criminal  anthro- 
pology.   Tho  Mnnist,  1.  177-1%; 
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Icuance  of  courses  ot  lectures  on  phtlosuphy,  natural  history,  and  religion. 
LfDKtta.  C.  W.   VAwt  WiirfwaflV>u.  Jahrb.  d.  Hambnrg.  wissensch.  Anttaltni,  IX. 
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Antiquarian,  Mendou,  xiii,  60-79. 
McGui  n e,  t  .  d.  The  etone  hammerand  its  Taiious  neea.  Am*  Anthiop.,  Wadi.,  iv, 
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Macii.  Kknst,  iuicl  I'm  1.  Carus.  Some  qiu^tions  »f  psj'clio- physics.  A  dlHCUSsion: 
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l»',s  Trinotcs.   Bull.  Soc.  d'nnthrop.  de  Par.,  4'",  s..  ii.  2:i8-2rtl. 
Makca.no,  ii.    Etuograffaprecolumbianade  Venezuela.    [Trans,  by  Dr.  A.  P.  Mora.J 
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MatRRL.  K.   Note  snr  quebinrs  niodlHcations  app<»rt<»«H  an  compa-*  dVpniRrtpur  )MHir 
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188^'91.    With  Krgiinzungsbaude  and  indexes.    [An  excellent  guide  to  all  Ger« 
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K«*v.  MeuB  ii«       o].-  (I'Aiithiop      rsir.,  1,321-811. 

  Les  propalseurH  a  crochet  iiiodernes  et  proliisioritiues,    yd.,  241-2248. 

MoKTiLLKT,  Gabrirl  ]>r.  Chronique  pr^Sliistoriqae.  Bav.  Meiu.  del'fcole  d'An- 
throp.  de  Par.  Iu  every  namber  giviiiK  aoooant  of  arefa«ologio»l  pablieations  in 
Etirupe. 

  Einpoisonnmnent  des  armea.  Rev.  Meos.  de  Tfioole  d'Anthrop.  de  Par.,  I, 

97-106. 

iiiiUAT,  F.  J.  On  prisou  ethics aiiul  prisuu  laliom .  J.  Royiil  .Statist.  Soc,  Loud.,  uv. 
213>2e2. 

HClusk,  F.  M.  Addrem  to  th«  Anthropological  Section  of  the  Britiah  AMoctation 
at  thfl  meeting  held  at  CardilT  in  August,  1891.  J.  Anthrop.  Iiiat.,  Lond.,  t89U'9S, 

\xi.  172-1»2. 

  ATithropological  religiun.    The  Cliti'onl  lectures,  1891.     Loudou,  18i>2, 

Loiiguiaiin,  48t>,  p.  820. 

  On  thought  and  language.  Honiat,  Chicago,  189(M91, 1,672-689. 

HuMRO,  R.   On  some  archaeological  romaiiiK  Ix  nring  on  th«  qai^^tioii  of  the  origin  of 

the  Anglo-Saxons  iu  England.   Bep.  Brit.  Ass.  Adv.  8e.,  1890,  Lond.,  1891,  LX, 

976. 

MuiUiAY,  David.   >ote  oa  a  brouzi  -haudled  pot.  of  Uomau  mauafacturo,  and  two 
brouise  falling  handles  found  at  Barochan,  Benflrewshife.    Trans.  Glasgow 
.  Arohnolog.  Soc,  Olasgov,  1  pt.,  4.  n.  s.,  498^14, 2  figs. 
"          Note  ou  a  stone  axe  found  at  Mollandhn,  Dumbartonshire.  Trans.  Glaagow 

Arclijeolog.  Sor.,  (nnstxrtw.  1  pt  ..  1  n.8..r>15. 
  Note  on  twa  hroii/e  celtH  found  at  Craighu,  Arrau.    TrauH.  Glasgow  Arcbji"- 

olog.  Soc,  GIa>g<>u ,  1  pt.,  4  n.  h.,  516. 
Museo  de  la  Plata,  Esploracii'm  Arqueol6gica  de  la  proTincIa  de  Catamarea.  La 

IMata,  1890- '91.  Kepr.  from  Kevista  d.  l  M ii.hco  de  la Plata^  1, 199-235  [l-'M)].  8vo. 
Mu8^ou,  Le,  Kovue  iiitcrnatiouale.    Etudes  de  lin-^ui.stirpie,  d'histcrtre  et  dv  jjliiliKo. 
phie.    [SocitHe  des  soieuces,  ^Socidt^  orieutuie,  eto.J    Louvain.  Quarterly. 
Vols,  i-x,  1882-'91. 

HiTsiCK,  T.  H.  The  geiMMis  of  nature  oonsidered  in  the  light  of  Spencer's  philoso- 
phy, as  based  upon  the  pevsistettce  of  energy.  New  York,  J.  B.  Alden,  12  mo. 

Mykrs,  P.  W.  H.  On  alleged  uiovoutent  of  objects  without  contact,  occurring  not 
in  the  presence  of  a  paid  medium.   Proc.  iioc.  Psych.  Besearch,  pt.  xix,  Load.. 

146-19}>. 

Nachrichteu  Uber  dentsohe  AlterthuuiKfuude,  mit  UnterstUtzung  des  kouiglich. 
preuss.  Ministeriums  des  geistlichen  Untorriclits-  «nd  Medicinal-Angelegenhei- 
ten,  lleransg.  nnter  Hed.  von  B.  Virchow  und  A.  Vose.  ErgSnzniigsblatter  «ur 

Zcit.Hcbrift  fdr  Ethnologic. 
NaDaii-Lac.  M'' <le.    Ee.s  plus  anciens  veHtiges  de  riiomiae  en  Atucriqne.    Kev.  des 

Quciit.  Scicut.,  July,  1891.    Uruxellet;:  l*olleuni«,  etc.,  23  pp.  8vo. 
 Intelligence  aud  instinct.  Extr.  du  Gorrespondant,  Paris,  1892:  De  Soye  et 

Fils,  75  pp.  8vo. 

  LcH  progres  de  ranthropologie.    Paris :  Sove  et  Fils.,  39  pp.  8vo. 

>iAir>n(i.  ('.  p.  8HEr>n'Kitv.   Hindu  matrimonial  rites  in  Madras.  J.  Anthrop.  Soc., 

Bombay,  ii,  380-103. 

National  Academy  of  Sciences,  Washington,  D.  C.  Annual  reporta,  1884-^,  8vo. 
pap.  Memoirs,  v.  2, 1883;  t.  3, 1, 1884;  2. 1886;  v.  4, 1, 1888  ;  2, 1889.  il.  4to. 

paj).    ( N<T  Ap)»eudix,  IT.  8.  Government  piiblir  iticiiis.) 
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Bureau  of  Educatiou.    {Hce  Appendix,  U.  8.  Guveiumeut  publicatious.) 
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National  Geog.  Society  f>farnts  Baker,  scr.,  V.  S.  Geol.  Survey],  Washington,  P.  C. 

Ntttional  Geog.  Magaziut),  v.  1,         8i»-v.  2,  2,  1«90.  8vo. 
National  Priacm  Auod&tion  ( f )  Imports,  1881-'86, 
Nataial  History  Society  of  Carbondale,  III. 

Naiuto.  A  weokl.N  illiistiated  jontval  of  Bcience.  Loiulony  Macmillan  A  Co.,  vob. 

44aDd  45,  in  1891. 

Nature's  Rf>alin.  A  monthly  roagaziue  of  popular  natural  history.  Edited  by  Wil- 
liam C.  Harris,  New  York.    Vol.  ii. 

Nobraaka  State  Hiatorieal  Society  [Geo.  E.  Howard,  aec.],  Lincoln,  Nebr.  Report  of 
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New  England  Historical  and  Genealogical  Regiater.  Qaarterly,  1884-^,    38, 3, 
1884-v.  44,  2,  1890.  8vo.  Proceedings  at  annual  meeting,  1884-^88.  8to.  Memo- 
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4,  2, 1  (1876-^80),  1885-'89.  8vo. 
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Conn.  Papers,  v.  4,  1888.  8vo. 
New  Jersey  Hist.  Society,  Newark,  N.  J.   Proceedings,  v.  8,  1884-'85;  v.  11,  1, 1890. 

0.  Docoments  relating  to  the  colonial  history  of  New  Jersey,  1631-1776, 10  v., 

witii  index,  188()-'S)^ ;  H\  o.   .lonmal  of  the  governor  and  council  of  New 

.lerHey.  1682-1775,  v.  1,  2,  1890.  8vo. 

New  Jersey  Natural  History  Society  [F.  A.  Lucas,  see.],  Trenton,  N.  J.  Journal, 
V.  1,  1886;  V.  2,  1,  1889.   8vo.    (Xote:  Formerly  Treuton  \at.  Hist.  Soc). 

New  London  County  Historical  Society  [Thoa.  S.  Collier,  aec.J,  New  London,  Conn. 
Reoorda  and  papers,  v.  1,  1-5,  l888-'90.  8vo. 

New  Mexiro.  Hist.  Soriety  of.  Sautii  F<5,  N.  Mox. 

New  (^>rleanH  At  adeniy  of  Sciences  [A.  Fortier,  sec.j,  New  Orleans,  La.   Papers,  v.  1, 

1,  2, 1886-  88-  8vo. 

New  York  Academy  of  Anthropology  [G.  P.  Laidlaw,  aee.,  137'W.41at  at.].  New  York 
City.  Tranaactiona,  v.  1-2,  1884-'90.  (Vol.  2  inclndea  proceedings  of  inter- 
national congress,  1888.)   Miscellaneous  papers. 

New  York  Academy  of  .Sciences  (f'olunibia  College,  49th  si.  and  Madison  avc),  New 
York  City.  Annals,  v.  3,  7,  1885-v.  5,  3,  1890.  O.  i  ranaactions,  v.  3,  I88;i->i4 
(1885-v.  9,  2,  1890.  8vo. 

New  York  Hiatorical  Society  [E.  F.  De  Lancey,  domeatie  correaponding  aecretary, 
170  2d  ave.] .  New  York  City.  CoUectiona  for  1883-''8l.  Publication  ftind  aeries, 
V.  16-17.  1SM-|--Hr).  Hvo. 

New  York  State  Museum  of  Natural  History,  iUUauy,  N.  Y.  Bulletin,  v.  1,  2,  May, 
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NlCDOLS,  Hbrbbrt.  The  psychology  of  t'me.  Am.  J.  Psychol.,  Worcester,  iii,  60- 
112,  453-529. 

NiCOLrcci,  O.    Lastattira  (I<"11' uonto.    Annitinlo.  Nap<di,  ill.  2*iri-231. 
Nina  Ki  »i>RinuEs.   Os  mestizos  BrozUeiros.    Gaz.  Med.  da  lialiia,  1889  '90,  3  vii, 
401,  497. 
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Niuete«utli  Century.  A  muullily  leview.  Ed.  James  Knowlea.  London.  Atiieri> 

can  reprint,  Leonard  Scott,  Nour  York ;  77th  year  in  1891. 
N18BET,  .J.F.   Tlie  insanity  of  geuins,  etc.  London,  Ward     Downey.   368  pp.  8vo. 
N18BK  r,  N.  Tlie  Papuan  and  tiia  master.   Fortnightly  Rev.,  N.  Y.,  n.a.  xlix,  4 

42B. 

2six,  Jacob.    Der  Ausbrucli  dei  .Sionx-Iuiliauer  lu  Miuncaotu,  Aug.  18G2.  Milwau- 
kee, 1891,  C.  A.  Rohde  Co.  71  pp.  12ino. 

Xortli  Auurricaa  Review  (The). 

North  Curolinn  Ilistoriral  Society.    Chajx^I  Hill.  N.  (j. 

MoRTii,  S.  N.  T».    The  development  of  Aim  ri can  industries  since  Coluiubas.  V. 

The  manutacture  oiWool.  Pop.  Sc.  Mouth.,  N,  Y.,  xxxix,  17G-195, 
Notes  and  Qnoriea*  A  niediam  of  interoonimunication  for  literary  men,  artists,  an» 

tiqnarianB,  genealogists,  etc.  London.  Founded  in  1885.   (Set  Bolton,  Smltli- 

BOD.  Pnh.,  514.) 

KoYKs.  William.  Reviews  of  works  on  psychiatry.  Am.  J.  Psychol.,  1891,  ill, 

r>o7-.')72. 

NumiMUiatic  and  Autiquarinn  Society  of  Philadelphia.   Publishes  report  of  proceed 
inga.  In  1891,  Rep.  of  Proo.,  1887-^.  Seoretary,  Benjamin  Smith  Lymsn. 
1884-'9l  8vo. 

Nvrr,  A.   An  c  nrl  y  Iric^h  verHiou  of  the  jeslous  Stepmother  and  exposed  efaUd,  Polk- 

Lore.  Loud.,  1891,  1 1,  87-89. 
Nu  iTAi.L,  Mrs.  Julia.    The  altatl  or  spear-thrower  of  the  ancient  MexicauM.  L'am- 

briilge,  Mnsn.,  Peabody  Mnseuin,   30  pp.  8ro, 
Oesterreiehiscbe  Monatsi»hrlft  Hir  den  Orient.  A.  Scala.  Jahrgang  17  in  1891. 
Of  Cesky  Lid.    C.  Zihrt  and  L.  Niederle.    Prague,  vol.  1.  No.  1. 
Ohio  .Arehieologiral  and  Historical  Society  fA.  A.  fJraliani,  sec],  f'nlniiil»ns,  Ohio. 

Publications.    Quarterly.    18^5-'!»0.    iioiuul  iu  vols.,  v.  1,  18«7-v.  'J,  im). 
Ohio  Historical  and  Philosophical  Society  of,  Ciucinuati,  Ohio.   Annual  reports, 

1883-'89.   O.   (Publications)  new  scr.,  v.  2,  3, 1886.  8ro. 
Ohmkfal^)  II  KiCirnut,  H.    Parallelen  in  den  (tebriinchen  der  alten  nnd  der  jetsi- 

gen  Hevoikerung  von  Cypern.    Verhondl.  d.  Berl.  Uesellach.  f.  Anthrop..  Berl. 

(34-1.3). 

Old  Colony  Hittlorieal  Society  j_J.  W.  D.  Dall,  isec.  and  librariuii],  laiintou.  Mass 

Collections,  V.  3,  1885;  v.  4, 1889.   Por.  8vo.  Prooeedings,  1886. 
Old  Residents'  lliatorical  AsHociation  [AlAred  Gilman,  sec.],  Lowell,  Mass.  Contri- 

biitiuTis.  V.  2,  TS'S:;.  V.  i  '.i,  TH90.  8vo. 
OLLiviKit-IiKAUi(K(iAHi>.    La  Justice  et  Ich  tribunaux  dausPaucienue  Egjpie.  Ball. 

Soc.  d'Anthrup.,  Par.,  4''  s.,  11,  86-110. 
Olsbavsisx.  Zwcite  Mittheilung  iiberden  alten  Bemsteinhandel  tind  die  QoldAinde. 

Ztschr.  f.  Ethnol.,  Rerl.,  xxiit,  288<319. 
Oneida  Historical  Society  (C.  AV.  Darling,  cor.  sec.),  Utiea,  N.  Y.  Transactions, 

]ss';t. 

OUM  X  oiksleven.   J.  (  'orueli^sen  aud  J.  U.  Vervliot,  <:ds.    lirecht  aud  Autwerj),  i- 
111,  188y-'yi. 

Open  (The)  Court.  Chicago,  weekly,  vol.  5  in  1891. 

OrientaliHche  Bibliographie.    Dr.  A.  MUller,  Halle,  vol.  i-iv;  lfl88-*91,  Rerlis, 

Heiither. 

Orient:»l  Club,    i'hiladelpbia.    SJewnrt  Culin.    I'miuded  in  ISXS. 
OK8CIIA.NSK1,  J.  G.  (Heredity  iuid  its  law.)  Uucvisch  4,  sicz  da  rissk.veach.,  Mosk- 
va, 383-416.   {Aho:  Reprint.] 
O'l'TOLKKOiii.   Deltn<|nente-uati.   Arch,  di  ]Mriohiat.  etc.,  Torino,  xii,  495-497. 

Overlauil  "Moiifhly.    Sati  I'ranc^isco.  v«d.  win.  in  1891. 

OwKNS,  J.  (;.    Folklore  from  iJnHalo  Valley,  Central  Pennsylvania.   J.Am.  Folk- 

Lore,  Host,  iitid  N.  Y.,  iv.  ll.')-l.*is. 
-        Some  games  of  Zufii.    Pop.  Sc.  Month,,  May,  pp.  39-50. 
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PACKAliDj  K.  L.    Note."*  «u  thi'  luytliology  urul  religiuu  of  tho  Nez  PerccH.    J.  Aui. 

Folk'LoM,  Boat.,  N.  Y.,  iv,  ^27-330. 
Packard,  A.  8.  The  Labrador  coMt,  etc.  N.  Y.,  1891^  Hodgea^  5.  +  513  pp.  8vo. 
PANTrCHOKF,  I.  I.    Inflitouce  uf  tran8nu';rutioa  ill  TrauH-Caiicosiu  upon  flu-  ])liys- 

ionl  «!evf>lopincnt  of  the  Kn»»isniH.    I?n;<sk.  Mod..       Pftor^h,,  xi,  551,  r>t!7.  r»H3. 
Pauls,  L'.    L'Aniiainitc.  ses  caract(>re.s  «  tlitiii[ue8,  authropologio,  Par.,  ii,  185-2()(). 
 Les  raines  tjames  de  Tra-K^on,  proriace  de  Qiiang-uaui  (Annam).  Anthropo> 

loffie,  Par.,  if,  283-288. 
Parkr,  T.  H    My  pi>rMonal  cxpi  riencea  in  equatorial  Africa.   Lond.,  Sampaou,  Low 

A  Co.,  547  i>p..  1  pnrtr..  17  pi.,  1  mnp.  8vo. 
P.vKKKi:,  VV.  T.    ( 'onctiruiiig  American  ln<li:iii  wnmauhoodf  an  ethnological  study. 

Anu.  Gyuiuc,  Pliila.,  1891-1)2,  v,  330-341.    2  pi. 
Passy,  FsiD^Ric.  La  cr^uiatioii.   Rot.  Seieat.,  Par.,  xlvu,  1-8. 
Pauu,  Carl.   Die  Veneter  uud  ihre  Schriftdenkmaler.    Leipzig,  1881,  Barth.,  xiv, 

456  pp.  il.  (Rev.  in:  Mitthi  il.  «1.  aiitlirnp.  Ot'sell.sch.  f.  Authrop.,  xxii,  193-195. 
Pealuitly  Academy  of  Science  (Arthur  K.  iStone,  librarian).    Ea.st  India  Marine  Hall, 

iSalem,  Mass.   PubUcatioos  Nos.  9-14,  lS84-'90.    Memoirs,  v.  ii,  1886.  Q. 
P««body  Mmetmi  of  Amefiean  Avehteology  and  Eihaology.  Twenty>flft]i  Anaual 

Report.  11  pp.  Vol.  t,  4,  1868-^.  Arcbieologieal  and  ethiiolog:ical  papers, 

vol.  I,  No8.  1-3. 

Peda«:n<riral  Seminary  fl  in-*  An  intermitional  re<'ord  of  odncational  literature, 
institutions,  and  proj^iess.  Kdite*!  by  (».  Stanley  Hall,  Worcester,  Mans.,  1881. 
Orpka.    (Fir^t  volume  published  in  1891;  3  uumbcra  a  year.) 

Prbt,  Stephen  D.  Altar  momida  and  aah  pits.  Am.  Antlqnar.,  Mendim,  xiii,  85- 
112.  26  figs. 

— Comparative  art;  historic  and  prehistoric.  Am.  Antiqnar.,  Mendon,  xiii, 

123-126. 

 Defeuaive  works  of  the  mouud-builderH.    Am.  Autif|uar.,  Meudon,  111,  xui, 

189-221.  2pL 

Editoriaia  in  vol.  xiii,  American  Antiqnafian,  Chicago.  Cabokia  tablets; 
Civilisation  of  the  monnd-bailders;  The  Sphinxes  of  Michigan;  Water  calt  and 

tlic  «lf'ltig«  myth. 

 Eniblematir  mounds  and  animal  ethgies,  Chii  sigo.    Am.  Aiitiquar.  Offlcf!,  xxii. 

390  pp.   12  maps.  8vo. 

 The  Aryans  and  the  Indians.  Am.  Antiqnar.,  Mendou.  xiti,  119-122. 

■  -  The  great  Caliokia  moand.  Am.  Aotiquar.,  Mendon,  xiii,  :^31 .  13 figs.  1  pL 

 The  mysterious  I'aocH.    Am.  Aiif  it]nar..  Mendon,  Tl!.,  xui,  255-281. 

•  The  water  cult  among  the  mouud  builders.    Aiu.  Autlquar.,  Meuduu,  111.,  .xiv, 

3-32.   4  pi. 

Pknnkll.  Euzabbtb  R.  A  gypsy  piiier.  J.  Oypsy  L.  Soc.,  Edinb.,  ii,  208-377. 
Pennsylvania,  Historical  Society  of  (1300  Locnst  st.),  Philadelphia,  Pa. 

IVnn^ylvania  (The)  Magazine.    Phila.  Hist.  Soc,  v.  i  xiv.  1S78-'91.    Qnnrtf  rly. 
i'eunsylvauia  Ma;]::tzini>  of  History  and  Biography.   Quarterly.    V.  ViU,  3, 1884 ;  v. 
XIV,  2,  18S«>.  hvo. 

Pennsylvania  Historical  Society  of  Pittsburg  and  Western  Pennsylvania,  Pittsburg, 
Pa. 

Pcterinnnn's  Mitthellaug<M).   (iotha.  Perthes.  GeograpbiRCfaer  Literaturbericht  fflr 

ls,Kh-'s<t,  JJ.  ilniro  yinn  3-1  bis  n;»nd«'. 
pMT/.NKR,  NV.    VarietUteu-Statiiitik  uud  Anthropologic.    Auat.  Au/..,  Jena,  vi,  573- 
590. 

Phkn£.  On  an  unidentified  ^wople  ocnnpying  parts  of  Urttaiti  in  pre-Koman- 

British  times.    Hej).  Brit.  As.-*.  Adv.  Sr.,  i.x,  974. 
Philadelphia  Academy  of  Natural  Si  i.n.  .  ^,  Philadelphia,  Pa.    .lom  :ia]    \  pts.  ])er 
vo].  \  \h^\}pA  irrt'ifnlavly.  v.  1»,  1.  An;;..  1>>.H4;  2,  Aug..  18!*I8.    Proci^eding.s,  3-  srr. 
(3  pt.-^.  u  year;,  1HH4.    I  (My-t)),  l8iK),  I  (.la-Mr).    O.    Monthly,    v.  i,  1-6,  1890. 
8vo. 
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Philadelphia  Social  Sotonce  Atflooiation  (B«i^.  Hajllar,  8ec.,  720  Lociut  at,),  Phila- 
dulphia,  Pa.  K^te.^'Sow  merged  in  Academy  of  Political  and  Social  Eeonouiy 

of  Ann  rira. 

Phistkk,  N.  p.    Tlie  ludulu  Mt^^^iab.    Am.  Authrop.,  Wsiah.,  iv,  105-108. 
PiKRCE,  CiiARLEs  S.    Tbe  arcbitecturo  of  tbeorios.    Tbe  MoiiiMt,  Chicago,  i,  161- 
176. 

Pkh>rini-Bkri.  CaTHRRIHS.    L(!  tatouage  religieiix  et  ainouroux  au  pdl^rinage  do 

N.  D.  <lr  LDrette.    Arch,  dt-  r.iiiflirop.  (  rim.,  Vi\r.,  vi,  r>-l(>.  2  L.  Illnstr. 
P«yep9cot  Historical  Society  [J.  P.  Booker,  acc.},  Bruuswick,  Me,   Collectiooa,  vol. 
I,  1-2,  1889.  8vo. 

PiLLtNOy  Jambs  C.  Bibliography  of  the  Algonkian  langnagea.  Bur.  Ethnol.,  Spe- 
cial Balletin. 

 Some  queer  Aiuericau  characters.    Analostaa  Mag.,  Wash.,  i,  .'VG-^iS. 

PiNciiKs,  T.  ( t .  Types  o£  (he  early  inhabitauta of  Mesopotamia.  J.  Anthrop.  Inst., 
Loud.,  XXI.  86-98. 

Plattbbcw.  Crftnea  hiimatna  de  la  moa  mal^M  at  ohjcte  d'othnographie  de  Bat- 

nio  e(  de  Sumatra.  Boll.  Soe.  d'Anthrop.  de  Bmz.,  1889-110,  viii,  232'^S8. 
Plbytk,  C.  M.  Sumpitan  and  bow  in  Indoneaia.  Internal.  Aiefa.  f.  Kthnog.,  Lei> 

«lfn.  IV.  2fM-'_'Sl.    2  pi. 
Ploss,  H.    Das*  Weill  iu  der  Nairn-  imd  Volkerkunde.    Aiitbropologisciu'  .Studien. 

Nauh  dem  Todo  de.s  Verfaast^rs  beurbcitet  und  brsg.  vou  Dr.  Max  Bart«ls.  Lief. 

1-6, 3.  Aufl.,  Leipz.,  L.  P^Smaa.  575,  64  pp.,  5  pL  8vo. 
PoiRiRR»  Paul.  Topographic  cranio-enotfphadiqtie.  Trepanation.  Paria:  Leeroia- 

uier  &  Bab^,  iigs.  8v(>. 
Politirnl  Science  (Quarterly  (The).    I'liiv.  Faculty  of  Political  iicieuoe.  Columbia 

College.   New  York.    VoLi.  i-v,  18S7-1891. 
POMEROY,  H.  8.  la  man  too  prolific  t  The  ao-caUed  Malthoaian  idea.  With  lelten 

from  the  right  honorable  W.  £.  GladatonCf  M.  P.  Lond.  and  N.  Y.,  Fank  dc 

Wagnalls.   64  pp.  12rao. 
PoMTKcoKvo.  II  tatuaggio  e  sua  importanaa  antropologica  a  medjco-Iegale.  Spal* 

lau/ani.    Komu,  2  s.,  xx,  169-208. 
PooRK,  Georue  V.  La  vie  au  sein  do  la  terre.    Rev.  Scieut.,  Par.,  xlvii,  42-47. 
Popular  (lite)  Science  Monthly.  New  York.  Wm.  J.  Youmana.  1891.   Vol.  xi. 
Population  (The)  of  tbe  earth.    I'op.  Sc.  Month.,  N.  Y.,  XI,  400-40:'). 
PoRi>Es.    Trinkt^enisse  in  Bosnieu  und  im  Herzii?!^'  li<  n.    Am.  Ur-Qnell,  ii,  47—18. 
Post,  AlhkktHkk.m ANN.  Kthnological  jnrispi  ikIi  iu  p.    M(nu«t.  Chirasro.  ii.  :i]-40. 
Prince  Society  [R.  N.  Toppan,  cor.  sec.,  CambridgeJ,  Hoston,  Mass.    PuUlu  utions, 

1884r-m  4to. 

Proai.1  L.  Le  crime,  le  climat  et  la  nouiriture.  Hot.  Scient.,  Par.,  XLvm,  467-472- 
Procecdings  of  the  Academy  of  Natural  Sciences  of  Philadelphia.   By  the  academy. 

Vol.  r.    s..  xxT.  lKf»i. 

Proceedings  of  the  American  Antiquari.'»n  Society.    Worcester,  Mas*.    1891,  vol.  vii. 

Proceeilinga  of  the  American  Association  for  the  Advancement  of  Science.  Forty- 
first  annual  meeting,  Washington,  1891. 

Proceedings  of  the  American  Philosophical  .Society.  Held  at  Philadelphia  for 
proniottii.::  useful  kuo\v)<Ml;.^o.  Philadelphia:  For  the  Am.  Phil.  Soe.  by  Mo- 
(  alla  A:  Stavely,  1H91,  vol. 

Proceedings  of  tbe  .Asiatic  Society  of  Bengal.    Calcutta,  vol.  i,  1865-1891. 

Proceedings  of  the  Canadian  Institute.  Toronto,  vol.  i,  3  a.,  vii. 

Proceedings  of  the  Rochester  Academy  of  Sciences.  Rochester.  By  the  Society. 
i8in,  vol.  I. 

Prore(Mli)i<;sof  the  Royal  Geographic  Society.    Loudon.  Stanford,  1879-1881,  vols. 

I-Xlll. 

Proceedings  of  the  Royal  Institute  of  Great  Britain.  By  the  Society.  London. 
Proceedings  of  the  Royal  Irish  Academy.   By  the  Academy.   Dublin,  1S80-1891» 
vols,  i-ii,  3  aer. 
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Procvudiugs  ut'tbe  ejociety  ul  AuLi^uurieti.    Luuduu.    2  tier.,  vol.  XV,  1891. 

P»oc«6dinga  of  the  Society  of  Biblical  Arohcology .  London,  1879-1891,  vols,  i-xiii. 
Proeeedings  of  the  Society  for  Peychieal  Beaearch,  1882-1891,  toIs.  i-vui.  laened  In 

parta  to  members. 

Programme  of  the  Semitic  department.    Harvard  Tniversity,  IttHl-y^. 

PULSZKY,  F.  YON.   Ueber  die  vorgeschiohtliche  Zeit  UugarnSi  Arcb.  f.  Aitthrup., 

Brnihwg.,  1801-02,  \x, 
Putnam,  F.  W.  Ameriean  Ethnology.  An  interesting  suggestion  for  the  Colnni- 

bian  Ex]»osition.   The  Chimgo  Tribune,  May  31,  1890,  p.  12. 
 A  singular  aiu-it  Tif  work  at  Foster's,  Warren  Coonty,  Ohio.   Proc.  Am.  As* 

80C.  Adv.  of  Soinut',  l^HO.  xxxix,  389. 

 Obituuiy  iiotii  e  of  Cliaiies  J.,.  Flint.   I'roc.  Boaton  8oc.  Nat.  Hist.,  1890, xxiv, 

p.  199. 

■■        On  the  anoient  heartha  in  the  Little  Miami  Valley.  Proe.  Am.  Assoc.  Adv. 

t!f  ioiice,  1890,  xxxtx,  p.  389. 
-         I'rt-historic  remains  in  the  Ohio  Valley.   The  Cent.  Magazine.   March,  1890, 
pp.  698-703.  il. 

Bamai'lcs  on  early  man  In  America.  Proc.  Boston.  See.  Nat.  Hist.,  1890,  xxiv, 
p.  468. 

 Beuarha  npon  the  Nampa  image.  Proc.  Boston  Soc.  Nat.  Hist.,  1890,  xxiv, 

p.  449. 

 Import  aa  penuanuut  secretary  of  the  Americuu  Association  for  the  Advance- 
ment of  Science.    Proc.  Am.  ^Vsaoc.  Adv.  of  Science,  1889,  xxxviii,  p.  481. 
-  Beport  as  permanent  aeoretary.  Proe.  Am.  Assoc.  Adv.  of  Science,  1880,  vol. 
xxxix,  p.  476. 

.  l?cport  of  the  curator.    Twenty-third  and  Twrnty- fourth  Beports  of  the  Pea' 

body  Museum.    Dec.  2.  1H90,  pp.  87-107.    Catnl)i  idge. 

 Suggestions  relating  to  an  ethnographical  exhibition.  Appendix  to  the  re- 
port of  the  committee  on  permanent  organisation  sutMUitted  to  the  meeting  of 
theconuniasionen  of  the  World's  Columbian  Exposition,  Sept.  18, 1880.  Chicago, 
1890. 

— —  Tilt"  rcalMidy  Museum  of  American  Archjeol«»;ry  aiul  Ethn<dopy  in  Cambridge. 

Proc.  Am.  Anti<j.  Soc  ,  vi,  No.  3,  new  8cric>«,  IHO-ltM).    S<«parately  printed. 
  The  serpent  monnd  of  Ohio.    The  Cent.  Magaziiu,  April,  1890,  871-888. 

lU. 

Twenty-tiflh  Keport  of  the  Peabody  Museum  to  President  Eliot.   In  report 

of  tli(«  im  sidciit  of  Harvard  UniverHity,  1892. 
Quarterly  summary  of  archieological  discoveries  and  work,  etc.    Arcb^eol.  Bev., 

Lond.,  1888,  n,  251-266. 
QtJATKBPAOBa,  Abmanddb.  The  peopling  of  America.  Pup.  Sc.  Monthly,  N.  Y., 

xxxvui,  30&-313. 

Quarterly  (The)  Journal  of  Economics.    Harvard  Univ.,  Cambridge,  Mass.,  vol. 

V  in  1891. 

Rak,  John.   Contemporary  socialism.  Loudon,  1891.   i>\vau  Sonnens<  hein,  505  pp. 

Rajlton,  T.  C.  Sporadic  cretinism.  Brit.  M.  J.,  Lond.,  i,  694. 

Raimon,  Auoustb.  Dien  et  lliomme;  ^tude  philosophiqne.  Paris,  Ballitee,  102  pp. 

8vo. 

RaJS'D,  S.  T.    Thv  stoi  V  of  tliL"  Moost-woofl  mnn.    Am.  Anti«|uar,  Xlll,  41.      If^'l  170. 
Ravk.vstkik,  K.  J.    Colonization  and  its  limitations.   J.  Soc.  Arte,  Lend.,  1890-'91, 
XXXIX,  269-275. 

Bay,  S.  H.  Note  on  the  people  and  languages  of  New  Ireland  and  Admiralty  Islands. 

J.  Antbrop.  Inst.,  Lond.,  1891-'92,  xxi,  3-13. 
RSAi>,  CiiAni.Es  II.    An  account  of  a  collection  of  ethnographical  specimens  formed 

during  Vancouver's  voyage  in  the  Paoilio  Ocean,  1790-'95.   J.  Anthrop.  Inst-, 

Lond.,  1891-'92,  xxii,  99-108,  2  pi. 
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Rkap,  Ciiarlbs  H.  CoUeotion  of  ethnographical  specimoiia  formed  ilniing  Van- 
eoavor'B  voyage  in  the  PaeiAc,  1780-*96.  J.  Anthrop.  Inat.,  Lond.,  xxi,  99-106, 

pis.  X,  \  I. 

 Ethno;^rapliica]  specimens  foiiDd  during  Vjiiifiouver'8  voyage  in  the  Pacilic 

Ocean.    J.  Autbrop.  lust.,  Loud.,  xxi,  Ui)-108,  2  pL 
 Origin  and  sacred  eharaetera  of  certain  omamenta  t>f  the  B.  E.  Pacific.  J. 

Anthrop.  Inat.,  Lond.,  xxr,  138-159,  pla.  xii-xiv. 
Rrcm  s,  KuK.    Primitive  folk:  studies  in  comparative  ethnology.  New  York. 

Charle.s  Scribnor's  Sons,  336  pp.  8vo. 
Kticords  of  tbe  pa.st.    Kd.  8ayce.    London,  Hamster. 
Rerve,  C.  H.   The  prison  qaeatlon.   Chicago,  McClurg,  200  pp.  8vo. 
RCGKAULT,  F.  Dea  iM^nlna.  Ball.  Soe.  d' Anthrop.  de  Par.,  4*-  a.,  i.  603-680. 

"  Le  piod  pri^ltensilo  choz  los  Indoiia.   Compt.  rend.  Acad.  d.  Sc.,  Par.,  1891, 

cxiii,  871-873.    (AIno  Kev.  Scient.,  I'nr..  1H«2,  xux.  76-SO. ) 
Rki('IIaki>,  P.    Drpurt  inent  of  savage  negroes.    [Truusl.  from  lias  Auslaud.J  Pop. 

8c.  Montli.,  N.  v.,  1891,  xxxix,  330-337. 
Rbnton,  a.  W.  The  dangers  of  the  new  alieniau.  Med.  Leg.  J.,  N.  Y.,  1991-'92. 

IX,  17-20. 

Report  of  ('r)ininittep  appointed  to  carry  on  i'xcavations  at  Oldbury  Hill,  near 
Ighlham,  in  onifi-  Id  ustertain  the  existence  of  rook  shelter  or  otherwise  on 
this  spot.    Uep.  lirit.  Ass.  Adv.  Sc.,  vii. 

Report  of  a  oommitteo  appointed  for  the  pnrpo-io  of  editing  a  new  edition  of  "An- 
thropological Notea  and  Qneriea.''  Rep.  Brit.  Aaa.  A«lv.  He.,  viii. 

Report  of  a  couimitteo  for  the  purpose  of  carrying  on  the  work  of  the  Anthropo- 
Ujetrir  T-:il)or;itory.    Roji.  Urit.  Ass.  A<lv.  Sc.,  vut. 

Report  of  cuuiniitt<  e  to  complete  the  investigation  of  the  cave  of  Klballou,  near 
Skipton,  iu  order  to  ascertain  whether  remaina  of  paIa>olithie  man  occur  in  the 
lower  cave  earth.  Rep.  Brit.  Aaa.  Adv.  Sc.,  vii. 

Report  of  the  Oovevnment  Hoapital  for  the  Inaaiie  to  the  Secretary  of  the  Interior, 
80  pp. 

Report  ot  proeeediugis  <>t  the  Numismatic  and  Antiquarian  Society  of  Philadelphia. 

Rep.  of  1887-'«9  in  1891. 
Reports  of  the  Archieological  Inatitnte  of  America,  1889,  x;  1890,  xi. 
Rktzids,  Q.  Das  Gehlrn  einea  Lapplanders.  lutemat.  Beitr.  x.  wiaaenach.  Med., 

lierl.,  1,  11-56,  3  pi. 
Review  of  lu'vii'w-i.    Monthly.    London  and  New  York.   Vol.  iv  in  1891. 
Revista  del  Museu  tiu  lu  Plata.   Vol,  1,  1890-'91.    Ity  E.  P.  Moreno,  director. 
Revne  archtologiiiue,  on  reoneil  de  doemmenta  et  de  m<lmelTes  r^latifW  h  I'^tade  dre 

monnmenta,  etc.  Parts.   Vol,  i,  a.  1,  n.  a.  51 , 1844-'91 . 
Revno celtit|ue.    K<I.  H.  d'Arbob de  Jttbain\ ill.  .  Puris. 

Bevne  de  I'liistoire  des  religions.  .Tcan  KevilK-.  Pari:*,  E.  Li^rotix  fi»r  Mnstv 
Guiuiet.  (.Sr  aho  Annales  du  Mnsee  (Jniniet,  1887-  91,  l-v.)  [Excellent  bib- 
iiographies  of  religion  and  kindred  subjects.  J 

Revue  de  Phypuotlame.  Paris. 

Revue  do  lingniatique  et  de  philologin  rompar^e.  Paria,  Maiacmneuve,  1858-'91, 

vols.  1-XXXIV. 
Kevue  <les  Deux  MiMules,    Paris.  108th  volume  m  1891. 

lievue  den  etudes  greciiues,  publication  trimei>triclle  de  "  TAssociatiou  pour  I'en- 
conragemeut  dea  ^tndea  grecquea.*'  Paria,  Bmeat  Leroux,  editor.  Tome  iv,  No. 
15,  Jniltet,  Septembre. 

Revue  des  queslious  8ci»5ntiruiuc.s.  Hruvelles. 

Revue  dos  tra«litious  popnlnircs.  Or^^an  of  Soci«'ft'  des  tradttionn  populaires  au  Ma- 
sco d  «'tbuogra)diie  du  irot-adrro.    Paris.  Maitionneuve,  l88li-*91,  i-VJ. 

Revne  d'ethnographie  do  la  Soci^tA  imp^riale  dea  aroia  dea  sciences  natnreliea. 
MoBcou.  1889-'91.  vols.  i-iv. 
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Berne  inp»sii»  ll»'  tic  I'l^i  olc  (raiithi-oi»«>l<)L;if  de  Psjris.  Pul)li<*6  par  h-H  ]>rofesH«MirH. 
[Fii^t  uiimWr  in  Jan.]  Paris,  iV-lix.  Alcuii.  <Sditeiir.  [Association  pour  Teu- 
seigDement  4m  sciencM  ftotbropologiqneti.  R«connne  <Vntilit6  pnbliqne.] 

Revne phil<»Bophiqne.    Piiris.  Alcan..  1S60-'91,  vols,  i-xxxir. 

Kt'vuu  8cicntttiqno  (Kcvuo  Kos«- ).  i  d.  M.  CharleB  Richet,  Paris.   Burean  dM  RoTuet. 

Vols.  XLViii,  XMX.    Weekly,  4to, 
Rhode  klaad  Hi8torical  Society.  Proviilencu,  U.  I.    CoUectiouH.  ProrcoUint^s. 
Rmyci,  J.  Welsb  £iiri«t.  Th<-  iiaychology  of  the  stone  age.  Nineteenth  Ceut.»  N. 

Y.  [LondO.  XXX,  664^74. 
RiccARDi,  P.   Prfjciiuli/J  o  superst  i  i on  i  del  popolo Modeneec.   Areh.  per  TAnthrop., 

Firenre,  1890,  xx,  7^^.  :W.    il.    l  a.shnilr. 
KisLKY,  H.  H.   The  tribes  and  castes  of  Iinlia.    Anthropometric  data,  Calcutta. 

Beugal  Secretariat  Press,  876  pp.  in  2  vols.  8vo. 
ROBRirr,  Ulyshr.  Lea  aignes  d'inraniie  an  moyeti  Age.  Paris.   H.  Champion,  180 

pp.,  6  pi.  12mo. 

Bl«;<     <TKPHKX  R.    A  I>akota-Eiii;li-'1i  dictionary.    Contributions  to  North  Aineri> 

can  Etlinolopfv,  vii.    Hnreau  ot'  Kthnology,  WaKliioKton. 
Robinson,  GKoiitiK  T.    Decorative  plaster  work,  oiodcled  Ktueco  work.   J.  Soc. 

Arts.,  London,  xxxix,  439-456. 
RobimoN,  L.  DarwiiiiNin  in  the  nnrsery  [iYxini  the  Ninteenth  Century].  Pop.  Sc. 

Month..  N.  y.,  1891-92,  XL,  674-686, 
 Infantile  atavism,    l^rit.  MpH.       Lond.,  n,  1226. 

liochest^ir  Aca<leniy  of  Science  [Frank  C.  liaker,  aec],  Rochester.  N.  Y.  Proceed- 
ings, I,  pp.  1-100, 1890.  8v», 

RocKH ILL,  W.  W.  Notes  on  some  of  the  laws,  enstoms,  and  auperatitions  of  Korea. 
Aui.  Aiiflnop.,  Wash.,  177-187. 

—  Thr  land  of  the  T.fiuiaH,  notes  of  a  Journey  th  rough  Cbina^  Mongolia,  and  Tibet. 

N.  Y.  Century  C<i.,  maps  and  ill.,  480  pp.  8vo. 

Tibet;  a  geographical,  ethnographical  and  historical  sketch  derived  from 
Chinese  sonroes.  J.  Roy.  As.  Soo.  of  Or.  Br.  and  Ireland,  London,  Trttbner, 
1-133,  185-291. 

RovT.  A.  H.  Das  Volksleben  als  wissenschaftlicbes  Problem.    Am  Ur-Quell,  ii, 

6i»-7L 

Roman K.H,  G.-J.  L'<Sv6lutiou  mcnUdu  choz  rhoiume;  origiuc  des  larult^Sti  huuuuuca. 

Trad  de  Panglais  par  Henry  de  Variguy.  Paris,  P.  Aloan,  viii,  441  pp.  8vo. 
-  Thoughts  and  language.    Monist,  Chicago,  1891-*92,  ii,  S6-68. 
Romania.    Folk-lore  papers  published  in  this  journal.    Paris.    Vol.  i-ii. 
Roth.  H.  L.   The  natives  of  Borneo,    J.  Anthrop.  Inst.,  Loud.,  1891,  xxi,  110-lSt. 
K«)WLANi>,  E.  D.   Some  remarks  on  tlie  fertility  of  negro  womeu  and  its  iuf  uence 

on  the  population  of  the  colony  of  British  Gniiuia.  Brit.  Goiana H.  Ann.,  Dem- 

erar%  19-86. 
Royal  Ethnographic  Museum  in  Leyden. 

BoYKj{.  c'r.fiMENri-:  KT  ivAiiNKAt'.   Disfitssioji  snr  la  depopulation  de  la  France. 

Hull.  Soc.  d'Anthrop.  <lo  i'ar.,  IKH),  4  s..  i.  <i>;(»-7(M». 
RUBBEN^,  C.    Evolution  religieutie  an  Congo.    Bull.  Soc.  d'Anthrop.,  i'ar.,  4"  s.,  ii, 

257-273. 

RtJDiN<;Ki{.    Die  Rasseu-Schiidel  und  Skelette  in  der  konigl.  anatomischen  Anstalt 

in  Miiiii  licn.    I?raiiiis(  lnvi;..  1892.  Vieweir  n.  Stdin,  XIII  -f  207  p..  Ho. 
RUULKK,  F.  \\  .    <  Ml  tht'  sriiiit  t'  of  tlip  judo  iisod  for  ancient  implements  iu  Europe 

and  America.    J.  Anthrop.  lust.,  Loud.,  1891,  XX,  332-342. 
RuKOSy  G.  Versucb  einer  anthrop<d  ogischen  Untevsachnng  des  nengeborenen  SchSl- 

dels.  Arch.  f.  Anthrop.,  Bmschwg.,  189i-'92,  Xx.  993-819. 
Rydkr,  J.  A.   An  attempt  to  illustrate  some  of  the  primary  laws  of  mechanical  ero- 

Intion.    l*roc.  Acad.  Nat.  Sci.,  Philadelphia,  62-70. 
Sacreu  books  of  the  £ast.  Max  MUller.  Loudon,  Tois.  i-xxxvi. 
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Salmon,  P.   Age  de  la  piene.  Tableau  da  1ft  divfoion  indottrielle  de  la  pAiode 

nifliui*  dAl'^eols  d'ftntbfop.  do  IHir.,  i,  26. 
Sanford,  KdmcndC.  A  laboratory  <-oat80  in  pbvittologieftl  p«ycbolo|{y.  Am.  J. 
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ZiirroitAFF,  E,  Ueber  Qesten  nnd  Mien«iiBpieI  der  Neger.  Org.  d.  Tftobftt-Aiut. 

in  Deutaebl.  Friedberg,  xxxvu,  173;  192. 
ZUCCARBLLA,  Ancri.o.   Dcgenf'r.itiuuo  e  (k>liu(]iienza  suggi  di  aatropologia  crimi-  < 

nale.  Baccolta  di  osaervfuiiom,  Napoli,  Tocco,  G4  pp.  8vo. 
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CONSIDERED* 


By  LUGIEN  Carr. 


Til  ;i  paper  upon  the  rreliistoric  Remains  of  Kentucky,  published  in 
tbe  lirst  volume  of  these  memoirs,  T  hnv«'  exiiressoil  the  opinion  that  it 
was  impossihle  to  distinguish  betwct  n  a  scries  of  stone  implements 
taken  from  the  moumds  in  the  ^Fississippi  Valley  and  a  simihvr  series 
ni;ole  and  used  by  the  modei  n  jiidians.  In  hu  t,  so  alike  are  these 
oliji'  in  couceptiou  and  cxe<  ution  that  any  attempt  to  distinguish 
thi  iu,  based  upon  form  or  finish,  must  be  but  the  merest  ifut  sswork. 
From  the  ru(h'  kuife  to  the  carved  and  polished  "gorget"  tliey  may, 
one  and  all,  have  been  taken  from  the  inmost  recesses  of  a  mound  or 
picked  upon  the  surfaee  amid  tlie  debris  of  a  recent  Indian  village, 
and  I  lie  most  experienced  archicoiogist,  if  called  upon  to  decide  as  to 
their  origin,  would  have  to  acknowledge  himscli  at  I'ault.t  Nor  does 
this  similaiity  stop  with  objects  made  of  slouc.  On  the  contrary,  it  is 
believed  to  extend  to  all  the  articles,  of  every  k::i(l  whatsoever,  that 
have  thus  far  been  taken  from  the  luouuds,  ln(lec<l.  I  might  even  go 
further,  and  as  the  result  of  soaie  years  of  work,  as  wi  11  in  the  field  as 
in  the  library,  venture  the  assertion  that  not  only  has  there  not  as  yet 
been  anything  taken  from  the  mounds  indicating  a  higher  stage  of  de- 
velopment than  the  red  Indian  of  the  United  States  is  known  to  have 
reached,  but  that  even  tbe  moands  themselves^  and  under  this  head 
are  incladed  all  the  earthworks  of  the  Mississippi  Valley,  were  quite 
within  the  limits  of  his  efforts. 

This  Gonclnsion,  together  with  its  corollary  as  to  the  origin  of  these 
stmctores^  is  neither  new  nor  original;  and  yet,  in  spite  of  the  simple 
explanation  it  gives  of  the  mound  question,  or,  perhaps,  it  might  be 
more  correct  to  say  on  account  of  this  very  simplicity,  it  has  made  its 
way  but  slowly.  It  seems  difficult  to  account  for  this  fact  except  on 

*  Memoirs  of  ike  Ken  In  rky  (trofogiral  Survey,  xq\.  li,  1883;  X.  S.  Sli  il<  r,  Director. 

t Compare  Schoolcraft's  Indian  Tribes  of  the  l  uiled  JUioleSf  vol.  iv,  p.  141.  Briu- 
too,  Floridian  Penintala,  p.  17G:  Philadelphia,  1859.  H.  F.  Foree,  Some  GioMMtflwdffM 
on  the  MonnMuUdere,  Tp,  72:  Cineiiuiati,  187S.  S.  F.  Haven,  in  vol.  vtuof  the 
Smitluoniaii  ConMbuUone  to  Sitowledge,  p.  158.  Lapham,  in  vol.  vii  of  aame^p.  30. 
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tlio  gn>uud  that  those  who  have  written  upon  this  subject,  and  who 
hayOf  to  «a  certain  e\t«'iit,  molded  public  opinion,  hitve  approa<*hed  it 
fifom  one  side  only.  They  have  usually  belonged  to  tlie  class  of  piac- 
tii'ul  explorers,  and  have  brought  to  the  investigation  a  certain  imtnber 
of  facts,  chieHy  cumulative  in  <;haraeterj  but  they  have  not,  as  a  rule, 
been  i)ossessed  of  tliat  measure  of  historical  information  which  is  nec- 
essary to  a  correct  interpretation  of  these  facts.  Being  thus,  as  it  were, 
but  half  prepared  for  the  work^  they  have,  not  anfreqaently,  given  too 
much  play  to  tlie  ima^fiuatioDy  and  csarried  their  theories  much  farther 
than  the  fiietB  would  warrant.  Impressed  with  the  size  and  character 
of  these  remains,  or  led  astray  by  certain  resemblances,  fancied  or  real, 
to  similar  objects  elsewhere,  they  have  nsed  them  as  a  basts  for  recon- 
structing a  phase  of  civilization  to  which,  in  poititof  n'ligious,  artistic, 
and  jKilitlcal  development,  they  declare  the  Indian  to  have  been  un- 
equal. From  these  extreme  views  there  has  always  been  more  or  less 
dissent.*  Even  Mr.  Squier,  who,  iu  his  ^mons  work  The  Ancient 
Monuments  of  the  Mississippi  Valley, "  makes  no  distinction  in  theiae 
remains,  but  speaks  of  the  Mound-builders  as  an  extinct  race,*'!  and 
contrasts  their  progress  in  the  arts  with  the  low  condition  of  the  mod- 
ern Indians,]:  is  obliged,  iu  a  subsequent  publication,  to  modify  his 
views  and  draw  a  line  of  demarkation  between  the  earth-works  ot 
western  New  York  and  those  found  in  southern  Ohio,  especially  those 

'  "Thi-y''  (the  earthworks)  '*<liftt!r  loss  in  kind  than  in  <l»*;;:ro<«  from  other  reniiiins 
nwpuctiug  which  LisUiry  lias  not  boon  outirul.v  silent :"  Haven  iu  vol.  viu  of  the 
Smitkcnian  ContribuHoM,  ^.  158.  "There  is  DotLtug,  wdeed,  iu  the  majpiitttde 
and  stracfcnre  of  our  Weiitom  mounds  which  a  semllianter  and  fletnitigricnltoral 
popnlatlon,  like  that  whi<  h  inny  be  ascribed  to  the  aneestors  or  Inilian  pretle*  essors 
lA'  the  existiufi  race,  eonhl  not  h:ivr  ox«»rtit< d  : "  Sc  hur.leroft's  7«rf/a«  Tribes  uf  thf 
l  nlhdStaUK,\o\.\,\t.io2.  "All  these  earth  works— and  I  am  inelin<^d  to  assert  the 
same  of  the  whole  of  those  iu  the  Atlantic  States  and  the  majority  iu  tho  Miii&iiisippi 
Valley — were  tlie  production  not  of  eomo  mythical  tribe  of  high  civilization  in 
mote  antiquity,  but  of  the  identical  nations  found  I>y  the  \vhiicB  reeidiug  in  these 
ie|j;ioDs:"  Briuton,  Floridiun  Ptn'in»nln,  p.  170:  Phihidelj)lii;».  1851*.  "Xodoiiht  that 
they  were  erect  •<!  by  tlie  forefatliers  of  the  pn-seiit  Indi.ins,  as  |>I;ie«'!«  uf  it  fu-re 
ugain.st  the  iueursionH  of  their  enemies,  ami  of  necurity  for  their  women  and  ehiidren 
when  thi-y  were  eoropt.'lIed  to  li^ave  tlicm  for  tho  dutleti  of  the  cliose:"  Qeu.  Le^is 
Ctim,  in  North  Amerlvnn  Review  for  .January,  1926.  Nothing  In  them  which  may 
not  have  been  performed  by  a  Kava;.'e  jx'oplu:"  <<alhvtin,  in  Arektmlogia  Jmericnmu 
M)].  ii.p.  M9.  "  rii-' tilil  i  1  I  that  the  .Mound-huikh'rs  were  i»eo])]es  Jistinet  froni 
and  otlier  than  th«^  Indians  of  th«5  lifteenth  an*!  sixteenth  eenturies  atjd  their  pro. 
monitors,  appuiti>i  unfounded  iu  faet,  and  fanciful:"  C.  C.  Jones,  iu  North  imrrimn 
Rerirw  for  Janunryyl874,  p.80.  ''Monnd-bnildera  were  tribes  of  American  Indiana 
of  the  same  raee  with  the  tribes  now  livinji; : "  M.  V,  Force  at  the  Congri^ft  Interna- 
tional des  Amerif-anisles:  T.uxem1»onrjr.  1877.  "The  jiroffress  tif  discovery  geemt" 
eon^tniitly  to  ditiiiiiiKh  the  distinction  b«'t\vet  n  the  aneient  and  uiodt  ni  rni-c*:  v.v.A 
it  may  not  ho  very  wide  of  the  truth  to  assert  that  they  wore  the  bami- people :  " 
Lupham,  in  SmUheonian  CQHtribHtiont  io  Knowledge^  vol.  vii,  p.  29. 

t  SmithwHian  ConMbuUom  la  Knofwledgef\o[,l,'p.906'.  Washington,  184S. 

t  1.  c,  pp.  188  and  242. 
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which  he  styles  religious  or  sacred  iiiclosiir©8,''  The  former  of  these, 
he  thiuks,  were  erected  hy  the  recent  Indians,  and  he  supports  this 
view  by  a  chain  of  reasoning  that  is  believed  to  be  unanswerable.  In 
it  he  institutes  a  comparison  between  the  relics  of  art  and  traces  of 
occupancy"  found  within  them,  and  those  which  mark  the  sites  of 
towns  and  forts  tiiat  are  known  to  liave  been  occupied  by  tlio  Tiidians, 
aixl  ]»rononTices  them  to  l»e  identical.  To  this  ]»owci't"nl  ar;iunicnt, 
drawn  from  what  may,  not  ina|»tly,  be  termed  the  facts  of  tlie  mimnd, 
he  adds  very  coi>ioris  notes  as  to  the  origin  and  use  of  sndi  strucrtures 
among  the  pcoi)lc  of  ages  and  countries,  thougii,  ol  (  i*m  so,  with 
spceial  relcrcnce  to  those  that  are  known  to  liave  been  <M(H  te<l  by  tlie 
American  Indians.  In  this  historical  retrospect  he  permits  tlie  facts 
to  speak  for  theniselv«'s  with  most  commendable  impartiality,  even 
thougli,  as  he  frankly  ailnuts,  tUiy  led  to  the  conclusion,  little  antici- 
pated ulit  a  lie  started  on  the  trip  of  exi)h»ration, that  the  earth  works 
of  western  ]Se\v  York  were  erected  by  the  Iroquois  or  their  western 
neighbors,  and  do  not  possess  an  antiquity  going  far  back  of  the  dis- 
covery." • 

To  this  ('oncliision,  so  far  as  it  goes,  I  certainly  do  not  object.  Un- 
fortunately, however,  it  stops  short  of  the  mark;  and  this  is  the  more 
to  be  regretted,  inasmuch  as  it  is  believed  that  the  line  of  argument 
by  which  Mr.  Squier  convinced  himself  that  the  defensive  works  of 
western  New  York  were  erected  by  the  modern  Indians  would,  if  it  had 
lieen  applied  to  the  earth-works  of  the  Mississippi  Valley  of  every  kind 
whatM^ever— to  the  so-called  sacred  ineloBures  iiot  less  than  to  the 
hill  forts — ^have  led  him  to  precisely  the  same  conclusion.  The  two 
propositions  rest  upon  essentially  the  same  foundation,  and,  as  we 
shall  see  later  on,  must  stand  or  full  together. 

Before  beginning  this  task,  however,  it  may  be  well  to  premise  tiiat 
it  is  not  intended,  in  the  course  of  this  inyestigation,  to  assert  that  the 
mounds  were  built  by  any  particular  tribe  or  tribes  of  Indians,  or  at 
any  particular  time;  neither  is  it  claimed  that  each  and  every  tribe 
living  within  the  Mississippi  Yalley  erected  such  structures.  So  &r 
as  iny  present  purpose  is  concerned,  they  may  have  been  built  by  any 
tribe  that  can  be  shown  to  have  occupied  the  regions  where  they  are 
onnd,  and  at  any  time  during  the  period  of  such  occupancy.  All  that 
I  intend  to  assert  is,  that,  admitting  everything  that  can  be  reasonably  . 
claimed  by  the  most  enthusiastic  advocate  of  the  superior  civilization 
of  the  Mound -builders,  there  is  no  reason  why  the  red  Indians  of  the 
Mississippi  Valley,  judging  from  what  we  know,  historically,  of  their 
development,  could  not  have  thrown  up  these  works.  This  proposition 
is  not  as  complete  as  could  be  desii  ed,  and  yet  it  probably  embodies 
all  that  can  ever  be  proven  on  this  subject.  Ability  and  x>erfonnance 

*  "Aboriginal  Mouuiueuts  of  tli«  .StaU;  of  New  York,  "  in  6mith»onian  Contributiont 
to  Xmcwleitf,  vol.  ii,  p.  83:  Woahiugton,  1851. 
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do  not  always  <:(>  luiml  in  liand,  aiul  the  fact  thwt  a  peoj)!*'  coiiM  tiave 
execntoil  a  jiii'i  e  ol"  work  imt.  Uy  any  hm  mus,  autliorize  the  con- 

c'lnsioii  that  tliry  did  so,  T.t  tutcn  [Ik-  two  tlierc  is,  lo^'ically speakinjf. 
a  wide  ^uU"  whifli  only  i)e  sm  i-csstully  passed  by  a  resort  to  what 
is  known  as  tlie  law  of  i)rol>abilities.  This  is  nnfortunat€,  but  under 
the  cin  uuiistantvs  it  is  unavoidable;  and  altlitni^Hi  it  will,  unquestion- 
ably, cause  our  ronclusion  t^)  la<  k  somewhat  of  the  force  of  a  scientific 
demonstration,  yet  it  is  believed  that  alter  unikin^^  all  due  allowance, 
there  will  remain  such  a  volume  of  evidenre  in  lavorof  our  jnopositiou 
as  to  justily  a  favorable  decision.  In  all  imman  probability  it  will 
never  be  known  who  built  these  mouuds  in  the  same  sense  in  which  it 
is  known  who  built  Westminster  Abbey;  but  if  it  can  be  demonstrated 
that  the  people  who  erected  them  were  in  the  same  (neolithic)  stage 
of  civQizatioii  that  the  Indians  are  known  to  have  attained,  and  if^ 
ftirther,  it  can  be  shown  on  undoubted  historic  authority  ttaA  theae 
Indians  built  both  mounds  and  earth-works,  which  differ  in  degree  bat 
not  in  kind  from  similar  structures  that  are  assumed  to  have  been  the 
work  of  an  extinct  people,  whom  we  have  called  the  Mound-builders, 
then  it  must  be  acknowledged  that  a  strong  argument  is  made  out  in 
favor  of  the  identity  of  the  origin  of  the  two  systems  of  works.  To 
reject  this  conclusion  without  some  positive  evidence  to  the  contrary 
would  involve  as  great  an  absurdity  as  it  would  be  to  nuuntatDf 
supposing  all  record  of  the  fact  to  be  lost,  that  Westminster  Abbey 
was  built  by  a  people  belonging  to  a  different  race  from  that  which  is 
known,  formerly,  to  have  lived  in  London,  and  for  no  better  leaaon 
than  because  the  English  of  to-day  have  ceased  to  build  such  abbeys. 

This  much  being  premised,  we  are  now  ready  to  take  up  the  thread 
of  our  investigation ;  and  by  way  of  beginning,  let  us  examine  into  the 
accounts,  given  by  the  early  writers,  of  the  mode  of  life  and  the  civil 
and  religious  polity  of  the  Indians  in  order  to  find  out  wliether  there  is 
anything  that  would  lead  us  to  coniUude,  a  priori^  that  it  was  impossi- 
ble for  them  to  have  erected  these  works.  On  the  part  of  those  who 
bold  affirmative  views  on  this  x)<)int,  it  is  contended  that  a  system  of 
works  of  the  si/e,  say  of  those  in  the  Scioto  Valley,  would  have  re- 
quired the  united  labor  of  many  persons  for  a  long  period  of  time,  and 
that  as  the  Indians  were  hunters — not  agriculturists, — and  averse  to 
labor,  they  could  not  have  carried  it  on,  for  the  reason  that,  owing  to 
their  wanderin*,'  and  xireearioiis  njode  of  life,  tjie  means  of  subsistence 
would  li;i\  e  failed  them,  even  if  there  had  been  some  central  authority, 
or  sonu;  controlling  motive  stron.ir  enon::rh  to  impel  them  to  tlie  under- 
takii  ir.*  Tins  is  believed  to  be  a  lair  stat^  nient  of  the  argument^  and 
if  well  tbunded,  it  would  be  decisive  of  the  mattei*.    Upon  examiaa- 

*Sqnier,  Ancient  Monuments  of  ihe  MigtitHppi  lallejr^  pp.  43  and  801  et  «tf*; 

Wasliington,  1848.  Foster,  Vrehintoric  Rmrs  of  Ihc  Unihd  .'?/a/«j,  p,  346:  Chica^, 
1K73.  I^alilwin,  Jncteni  /rd,  p.  34:  New  York,  1S72.  UoLeaa,  M0u»i-huiUtr9p 
pp.  121  and  5:  Cinciunati,  187i>. 
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tion  however  it  will  be  seen  that  it  is  based  upon  the  asaumption  that 
the  Moand-buildeTS  were  an  agricnltoral  jteople,  and  lived  under  a 
strongly  eentralissed  form  of  goveruinenty  no  matter  whether  that  gov- 
ernment was  one  of  force,  or  of  opinion  founded  upon  policy  or  religion. 
This  assumption  is  probably  not  far  from  the  truth;  but  to  have  any 
weight  in  this  discussion,  it  must  carry  with  it,  as  a  correlative,  the 
Airtber  iuluiissiou  that  the  Indian  was  not  an  agriculturist,  and  was 
not  subject  to  any  such  central  authority,  or  controlled  by  any  such 
impelling  motive.  This  of  course  is  not  admitted,  and  it  is  precisely 
upon  these  points  that  the  issue  is  to  be  joined.  * 

I. — TUK  i^iUiAN  AS  AUiliC  l.1/1  L  jUIST. 

Taking  up,  in  their  order,  the  requirements  that  are  admitted  to  have 
been  possessed  by  the  builders  of  these  mounds,  and  which  are  pojm- 
larly  supposed  to  have  been  wanting  in  the  Indian,  we  are  met,  first  of 
all,  with  the  statement,  made  either  directly  or  by  implication,  that  be 
was  not  an  agriculturist,  but  (1(  pended  almost  entirely  upon  the  chase 
ibr  the  means  of  su]>sistenee.  *  True,  there  exists  a  vague  iioti(m  that 
succotash  and  hominy  were  not  unknown  in  the  aboriginal  cuisine,  and 
there  may  be  those  of  us  who  arc  sufficiently  skilled  in  culinary  mat- 
ters to  say  that  these  succulent  dishes  are  made  of  Indian  corn;  but 
of  the  substantial  truth  of  the  above  statement  there  is  little  or  no 
doubt,  even  among  those  who  have  taken  the  trouble  to  write  on  the 
subject.  Exactly  wliy  this  is  so,  when  all  the  records  tell  us  that  the 
early  colonists  in  New  England,  Virginia,  and  elsewhere  throughout 
the  eastern  portion  of  the  United  States  owed  their  lives,  on  more  than 
one  occasion,  to  the  timely  supplies  of  corn  begged,  bought,  or  stolen, 
from  the  natives,!  is  something  of  a  mystery,  though  perhaps  it  is 

*  Anekmt  MonummtU  0/  ikt  JflMiMlpjH  Falfo^,  p.  45.   Bnldvrin,  Aiteieut  AmsHaOf  p. 
94.    Foster,  PnihUl&rie  Raee$  of  the  United  Statu,  p.  300.    Schoolcraft's  Indian  Tribet 
of  Ihe  United  States,  vol.  vi,  p.  183.    Oookin  in  vol.  i  of  the  first  sri  it  s  of  th«  Manm' 
chueeite  Hietorieal  CoUeetiinu,  p.  149.  Uolden'a  Eietorff  qf  the  Fiv^  Satime,  p.  13;  ^ 
London,  1767. 

t  FloAieaTS  nations  sauvages  a'etabliront  sar  lo  Mississippi  assez  pr«8  de  la  Non- 
ToUe  Orleans  et  oomme  la  plnpart  de  ces  Peoples  sont  dans  Tosage  de  enltiTer  la  tene, 

Us defricherent  des  grauds  terreius,  ce  qui  fut  ane  r*'s  1 1  pour  cetto  villo  a  laqnello 
n«  oTit  souvent  ftmriii  des  vivres  dans  Ifi  l>e8oin:''  Cliarlcvoix.  nihtnirf  //.  fa  \oiivelle 
Franrc,  vol.  iv,  p.  li^:  Paris,  1744.  **I  was  sait  ly  conducted  to  Jauiestowue,  where 
I  found  about  eight  and  thirtlu  pooro  and  sicke  creatures;  -  -  -  such  was  the 
weakness  of  this  poore  commonvealthe  as,  had  tbe  salvages  not  fed  ns  we  directlle 
had  starved.  And  this  rolyfe,  most  gracious  Qneene,was  commonly  bronghtby  this 
lady  Pocahnntns;  -  -  -  duriii<^  iXw  i'ww  of  two  f)r  tlirro  ycnros,  slice  next,  ttiidor 
(io<l,  was  still  the  iiistrnincnt  to  j)i(  s<'r\ c  this  eoloiite  from  death,  famine  and  utter 
confusion :"  Capt.  (:»mith,  Kelation  to  i^ueeuc  Anne  in  History  of  Virginia,  p.  121: 
London,  1^.  "By  selling  them  com,  when  pinclied  with  famine,  they"  (tbe  In* 
dians)  ''relieved  their  distresies  and  prevented  them  ftom  perishing  in  a  strange  land 
ami  uncnltivated  wilderness:"  Trumbull,  Connecticut,  vol.  t,  p.  17.  ITaitfoid.  17:>7. 
"They  pot  in  this  vioage,  in  one  plaee  and  other,  about  26  or  liojrHheatls  ol  cnrao 
and  beaues:"  Bradford's  History  of  Plymouth  Plaotatiau,  inMasn.  Jliet.  Coll.,  vol. 
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not  more  inexplicable  than  it  is  to  accouut  for  the  efforts,  at  thin  late 
day,  of  earnest  and  intelligent  men  to  hav^e  the  ludian  shown  how  to 
raise  corn,  and  this  in  fiice  of  the  fact  that  lie  ha^  cnltivated  that  most 
n»<'ful  cereal  for  hundreds  of  years,  and  actnally  taught  our  ancf^stoi^ 
the  process.*  These  are  but  samples  of  the  loose  way  of  thinking 
that  prevails  upon  this  and  kindred  topics,  aud  it  must  be  our  excuse, 
if  any  be  needed,  for  going  into  the  matter  somewhat  in  detail.  For- 
tunately, the  material  for  this  puri)08o  is  quite  abundant,  and  the  tes- 
timonv  so  uniform  that  of  the  main  fact — the  cultivation  of  corn  in 
greater  or  less  quantities  by  all  tln^  tribes  livingeast  of  the  Mississippi 
and  south  ot  the  St.  Lawi  cncc  aud  the  Great  Lakes — there  can  not  be  a 
shadow  of  doubt.f  Ail  the  early  writers  are  agreed  upon  the  point, 
and  there  is  no  room  for  a  difference  of  opinion,  except,  perhaps, 
in  regard  t<>  the  amount  j,mi>\v!).  Tjioii  this  point,  too.  the  evi- 
dence is  «'X Illicit.  Inst<?ad  oi'  cultivating  it  in  small  pare  In  >  as  a 
summer  luxury,  it  can  be  shown,  on  undoubtt-d  aiitliniirv.  tit  i  r\ cry- 
where,  witliiu  the  limits  named,  the  Indian  hjokcd  uj>ou  it  as  a  stajde 
aiticle  of  loud,  both  iu  summer  and  winter;  that  he  cultivated  it  iu 

lit,  fonrtli  series,  p.  129.  **  Others  fell  to  plnine  stealiiig,  betli  night  Mid  day,  from 

ye  Indouns,  of  which  they  giievonsly  complained.  -  -  -  V»m,  in  v*  viu\  they 
were  faiiif  to  hange  one  of  tlu-ir  num.  whom  they  rouhl  not  m  luiinc  irom  stealing :  " 
Ihid.,  p.  130,  "Sometimes  these  Havages"  (the  Hurons  aud  Ouatlawacs  at  Missil- 
nmkinae)  "sell  their  corn  very  dear;''  La  Houtau,  Voyage*,  vol.  i,  \%.  90:  Louilou, 
1708.  See  also  Geo.  P«toy,  nri^ataf  in  PardUw  Pfl^Hmt,  book  9,  chap.  3;  and 
Winslow,  Good  Kew«  fram  New  England  in  same,  hook  10,  rhap.  5;  London.  1625. 

*  ''Afforwards  they  TJianv  as  were  able)  hen^nn  to  plant  tlm  rnrno,  in  w  liich 
serviHC  i>qnant<i  stood  thi'Hj  iu  great  stead,  sliowiii^  tL<  ni  bntli  >  >•  ni:nun  r  how  to 
sot  it,  and  after  liow  to  tlrcss  and  toud  it,"  BraUford  s  History  ot  i'lymoutli  i'lauta- 
tion  in  Publications  Mau.  MUtt.  Soe,t  vol.  iii  of  4th  settee,  p.  100.  "lustraeted  ibem 
in  the  manner  of  planting  aud  dresaing  the  Indian  corn."  T)niniball*s  Ht§torjf  «/ 
Connecticut,  vol.  i,  p.  46>  Hartford.  1797. 

f  "All  the  triVies  east  of  tin*  Mississippi  were  more  or  le8.s  nprimltntal.  Tliey 
all  raised  eorn,  beans,  s^^uiushes  and  melons."  Force,  Home  t'QHtudtrattoiiB  oh  the 
Mouad-bttildern,  p.  70.  "Le  niais  ainsi  que  Je  riens  de  le  dire  est  la  noor- 
riture  commune  de  tons  lea  sanvages  sedentaires  depnis  le  fond  dn  Br^il 
Jusquea  aux  extremitc/  du  Canada.*'  Lafitan,  Moeum  dis  Sauraf/eH  Ameri- 
quitii}^.  vol.  II,  p.  W :  Paris.  1721.  **Th»'  whole  of  tlie  tril  -it«' tf.'d  in 
the  MissiHsippi  Valley,  in  Oliio,  and  the  Lakes  reaehing  on  butti  snWs  di"  the 
AUeghanie.H,  ciuite  to  Massai  husetts  and  other  parts  of  Kew  England,  eultivatcd 
Indian  corn.  It  was  the  staple  prodoct.^'  Schoolcraft,  vol.  i,  p.  80.  All  the  nationa 
I  have  known,  and  who  inhabit  from  the  sea  o^t  far  aw  the  lUinoiii,  and  even  farther, 
whieh  is  a  space  of  abnnt  l.r>00  miles.  <  arefuHy  cultivate  the  ttiai/  mm.  whif  li  thpy 
make  their  ]trineipal  subsist.  iu<  . I>u  I'ratz,  Hintori/  of  !.oin>.i,i]ia,  vol.  ll,  p.  11*9: 
Liundou,  1703.  "  The  territory  over  which  cultivation  bad  exit  uded  is  that  which  i« 
bonnded  on  the  east  by  the  Atlantic,  on  the  south  by  the  Giilf  of  Mexico,  on  the  weat 
generally  by  the  Mississippi,  or,  perhaps  more  properly,  by  the  prairies,  on  the  north, 
it  may  he  said  by  the  nature  of  the  climate."  Arthaoloffia  Jmerirami  (Gallatin), 
vfil.  M.  ]i.  1 It  was  Innnd  in  etiltivation  fronr  thi' smithern  extremity  of  Chili  to 
the  tittieth  parallel  of  north  latitude,  beyond  which  limits  the  1«'W  temperature 
rendeis  it  an  uncertain  crop.''  Brintcw,  Miftha  of  the  Kew  IVorUl,  p.  2$:  Now  York« 
1876.  See  also  Helatwnf  a.  d.  1626,  p.  2:  Qoobeo,  1868. 
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large  rtelds,  and  understood  and  appreciated  the  benefits  arisiu^  from 
the  use  of  fertilizers.*  Iiidee*!  such  was  his  proUcicucy  and  industry, 
that  even  with  the  rude  and  imperfect  implement.s  at  Ins  disposaU  he 
not  only  raised  com  enough  for  his  own  use,  but,  as  a  rule^  had  some 
to  spare  to  his  needy  neighbors^  both  red  and  white. }  Under  ordinary 
ciTfomstances  it  would  only  be  necessary  to  establish  this  fhct  in  order 
to  prove,  beyond  cavil,  that  the  red  Indian  was  an  agricnltiirist  iu  the 
very  highest  acceptation  of  that  term,  and  that  in  this  respect,  at  least, 
he  stood  upon  the  same  footing  as  tlie  mound-builders*  In  the  present 
instance  however  this  is  not  the  case.  Kot  only  is  it  not  sufficient  to 
prove  that  the  Indians  were  husbandmen  in  order  to  raise  them  to  this 
level,  but  we  are  called  upon  to  show  that  among  them  the  men  labored  ^ 
in  the  fields  as  well  as  the  women.  Indeed,  we  are  told  by  a  writer, 
from  whom  I  differ  with  many  misgivings,  that  in  this  respect  there 
was  a  very  great  difference  between  the  mound-builders  and  the  recent 
Indians;  and  although  the  difference  is  said  not  to  be  absolute,  yet  it 
is  gravely  asserted  that  among  the  former  <<the  men  must  have  labored, 
whilst  among  the  latter  labor  is  left  to  the  squaws.  ^  §  Statements  like 
these,  unsupported  by  evidence,  do  not  carry  much  weight;  and  if  this 
investigation  were  inten4ted  to  be  a  mere  trial  of  dialectical  skilly  and 
not  an  earnest  search  after  the  truth,  it  would  be  sufficient  to  pass  them 
by  with  a  simple  denial — all  the  reply  that  they  are  logically  entitled 

Ai.so  be  toiihl  tb«  iii  oxccpte  they  gott  tisb,  aud  set  with  it  (iu  the  uld grounds) 
ft  woold  oraie  to  nothing.  BradfonVs  History  of  Plymouth  PUuitation,  in  vol.  iit» 
of  the  4th  •eries  of  Mm8.  Ski.  ColLt  p.  100.  Tho  Iroquoto  "manure  a  great  deal  of 

gvouiul  for  .sowing  thoir  Indiiin  corn."  Heiiuepiu,  A  new  JH9Corerij  of  a  rant  Cott»<rjf 
i;  imirira.  ctf..  vol.  I,  p.  18:  I^ondon,  lfi98.  "Tons  cos  peiiples "  f  Ariiioiirhiqnoig, 
I  irifinieNH,  etc.)  "  eDgraiiM»eat  leiittt  champs  do  coquillages  de  polssonH."  Lcs- 
carbot>  vol.  ii,  p.  834;  Paris,  I0t2.  "They  never  duug  their  laud,  only  whcu  they 
would  sow."  Laudonniere.  First  Attempt  of  the  French  to  Colonise  Florida,  in 
JJist.  CoU.  LoitiMiaiKi.,  new  series,  i>.  174:  New  Yorlt,  l«6i^. 

t  T'sc  wotxleii  Imwes."  Williams'  Kf  v,  |>.  IIW.  Spjiden  made  of  hard  wood  tisnl 
in  a-^ru  ulture.''  Hossii,  Trarch  Ihrouyh  Luainiana,  p.  224:  Loudon,  1771.  "Flor- 
ida iiidiaus  dig  their  ground  with  au  iuntrtiuieut  of  wood  which,  is  fashioned  like  a 
broad  mattock."  Laudonniere  in  fflsf.  CoU.  LouUiaiM,  new  series,  p.  174:  New 
York,  1869.  "  lis  ont  nn  instrument  de  bois  fort  diir,  foict  en  fatten  d'nno  besche." 
Champlain,  v«d.  i,  p.  9."):  Paris,  1830.  ''11  leur  HufVit  d'uu  iMorro:iu  <le  bois  recourb^ 
lie  tr()i>  'loi'j'ts  (If  lari^fMir.  attarli*^  a  uu  Iotv-J  nmurln*  It  ur  sert  a  sait  U'r  la  terre 
ct  a  iu  reiiiuer  leg«Temeut.  "  Lafitau,  J/f/eurx  dcx  fiaHrmjeH  AinenqHaiHs,  vol.  II,  p. 
T6.  "Use  hoes  made  of  shonlder  blade  of  animaU  fixed  on  staves."  Romans,  EtiH 
and  We9t  Flwida,  p.  119.  **  Use  shoulder  blade  of  a  deer  or  a  tortoise  shell,  sharp* 
ened  upon  a  stone  aud  fastened  to  a  Htick  iimtead  of  a  hoe."  T.<isl<iel,  MtHHiom  ttt 
yorih  Americ«j  p.  07:  Loudon,  1794.  See  also  Joutel  in  Hitt.  Coll.  X,outnaaa,  pfirt  I, 
p.  149,  etc. 

t  JtwflioH  de  la  Kwvelle  Ftrauoe  en  V  ann^e  1641,  p.  81 :  Quebec,  1858.  SHgard, 

t'ofiai/i!  (Iix  HiiroHH,  pp.  11,'."),  I'M:  Paris,  1632.  Capt.  John  Smith,  Description  of  New 
Kuglaud  in  Matn.  HM.  Cull.,  vol.  vi,  of  3d  series,  p.  120.  La  llontaiu,  Fogoffet,  vol. 
I,  p.  105:  London.  17(i:i.    (_  barlevoix,  I.fftn-s,  ]>.  17.">:  Loudon,  176H, 

^  Some  CoMifidtraiioHs  oh  the  Houud-bHiUiertt.    By  M.  F.  Force.    Pamphlet,  p.  72: 
Cincinnati,  1873. 
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to.  Ikit  this  mmle  of  i)imedvire  would  not  answer  the  purposes  of  thia 
inquiry,  and  hence  1  am  induced  to  accord  them  a  more  respectftil  god- 
sideratiou ;  and  I  do  this  the  more  willingly  inasmuch  as  it  agrees  with 
luy  genera]  plan  of  admitting  everything  thatcan  be  reasonably  claimed 
in  behalf  of  the  moand-bnilders,  whilst  at  the  same  time  it  atfoids  an 
o])i)ortunity  of  examining  into  the  correctness  of  the  usually  received 
opinion  ^<that  the  Indian  considered  labor  as  derogatory,  and  left  it  to 
the  women."* 

Before  beginning  this  branch  of  the  inquiry,  liowever,  it  is  necessary 
to  come  to  some  understanding  as  to  the  meaning  to  be  given  to  tlie 
word  "labor,"  otherwise  we  sliall  be  at  cross  punmses  tbronghoat  the 
whole  of  the  investigation.  Used  iu  its  broadest  sense,  the  term  inclnd«H 
hunting  and  fishing — occupations  which  undoubtedly  belongeil  to  the 
men,  and  which,  when  followed,  notasa  i>astime,  butfor  the  purpose  of 
gaining  a  subsistence,  Involved  labor  of  the  very  hardest  kiud.t  If  to 
this  it  be  added  that  the  Indian  warrior  was  expected  to  do  all  the 
fighting,  it  will  be  seen  that,  at  a  very  moderate  estimate,  he  had  worlc 
enough  on  his  hands  to  keep  him  reasonably  busy.  As  an  evidence  of 
the  absorbing  nature  of  these  occupations,  it  may  be  said  that,  to-day, 
in  some  countries  of  Continental  Europe  in  which  the  state  of  war  is 
the  exception  and  not  the  rule,  as  it  was  among  the  Indians^  the  per-  ^ 
formance  of  the  one  duty  of  military  service  alone  is  considered  to  be  | 
a  sufficient  reason  for  withdrawing  all  able-bodied  males,  within  certaui 
ages,  from  every  kind  of  productive  labor  during  the  term  of  such  ser- 
vice, even  though  the  whole  of  it  be  passed  in  a  time  of  profound  peace. 
Among  these  nations,  and  they  are  some  of  the  most  highly  civilized 
iu  Europe,  it  is  no  exaggeration  to  say  that  labor,  using  that  word  in  its 
broadest  sense,  is  left  to  the  wonuMi  far  more  completely  than  it  ever 
was  among  the  Indians;  for  the  Indian,  when  not  actually  engaged  in 
warfare,  did  hunt  and  tisli,  and  contribute  to  this  extent,  at  least,  to 
the  general  welfare,  whilst  his  European  counterpart  is  not  allowed  to 
engage  in  productive  labor  of  any  kind  a\  li a tsoever  during  his  term  of 
military  ser\nce.  But  there  is  another  and  a  narrower  sense,  in  which 
the  word  is  taken  to  mean  simply  tield-w(uk,  or  work  neees>sary  to  the  i 
growth  and  produ<tion  of  corn;  and  it  is  this  signitieation  that  is  I 

*  Ardi«ologiA  JmfrwanUf  voL  il,  p.  131.  Stoddard,  5jfcefeA«t  of  £oNt«iaiHi,  p.  411 : 
Philadelphis,  1812.  Cohton,  fire  ^a<i«tt«f  vol.  i,  p.  13:  London,  1747.  Foster,  iV»- 

hUtorir  Jim  vs  of  the  UniMt  SMw,  p.  300:  Chiciigo,  1873.  Charlevoix,  Leiien,  rol.  u, 

p.  r_*»5:  LihhIiih.  17fil. 

("Fatigiu'ii  of  Uuutiug  wear  out  the  body  and  ruustitutiou  lui  uiure  thuu  uiauual 
labor."  HeckefrelcWr,  Bigtorieal  Accoumt  of  fhe  Indiam  JSvUotm,  p.  146.  **Th«ir 
manner  of  rambling  through  the  woods  to  kill  <1eer  is  a  very  laborions  exerriee,  as 

they  frrjiiiently  walk  t  wenty-five  <»r  thirty  inilen  through  rough  and  Km«H>th  groaiidii. 
nnd  fasting  lu-foro  they  i ct  urn  hack  to  <-:ini]»  hinded/'  Adair  /^■^'(>ry  «/  Ihr  Ameri- 
<rtn  Jndiatis,  p.  -ICKJ:  Londuu,  1775.  •  Iinliini  allV-rts  not  to  ft>cl  the  weight  of  drag- 
giug  a  deer  100  to  150  pooudti  weight  through  a  considerable  tract  of  forest."  Im- 
kiel,  Jfissi'oiM  im  Jnurkun,  p.  107:  London,  1794. 
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usnnlly  pivon  to  it  by  writtTB  on  this  subject,  un<I  it  is  in  this  sens©  that 
it\vill  b('  hereafter  iise<l  in  the  course  of  this  invest i;j:atioi).  Substi- 
tuting, then,  the  more  specialized  torui  (»t'  expression  for  the  general 
term,  and  the  sentence  will  read  as  foHows:  Among  the  Indians  field- 
work  wiw  considered  derogatory,  and  left  to  the  women.  In  this  re- 
stricted shape  the  statement  is  not  so  objectionable;  and  yet,  even  in 
this  form,  it  is  believed  to  be  altogether  too  sweeping.  That  in  some 
particular  years  this  work  may,  from  some  caase,  have  been  left  to  the 
women,  is  of  course  very  probable— the  necessities  of  war  or  the  chase 
might  at  any  time  render  this  unavoidable  in  any  tribe;  and  it  may 
also  be  true  that  in  the  division  of  labor  between  the  sexes,  made  nec- 
essary by  the  duty  oi  providing  for  the  family,  this  share,  among  cer- 
tain teibes,  fell  to  her  lot;  but  that  it  was  either  oneroas,*  or  compnl> 
8ory,f  or  that  the  custom,  if  such  it  can  be  called,  was  general,  or  that 
it  was  adhered  to  very  strictly,  even  SMnong  the  tribes  in  which  it  can 
be  said  to  have  prevailed,  is  not  for  a  moment  admitted.  Take  for 
example  the  Iroquois  or  Six  Nations,  the  only  people  among  whom,  so 
far  as  I  know,  it  can  not  be  shown  that  the  warriors  did  take  some  part 
either  in  clearing  the  ground  or  in  cultivating  the  crop,  and  we  find 
that  even  among  them  the  work  was  not  left  exclusively  to  the  women, 
but  that  it  was  shared  by  the  children  and  the  old  men,  as  well  as  the 
slaves,  of  whom  they  seem  to  have  had  a  goodly  number.]:  Singalarly 
enough,  too,  the  reason  given  by  the  old  chronicler  why  the  men  took 

"  **  Labor  m  the  fields  employs  women  six  nreekn  iu  twelve  months,  while  the  labor 
of  the  hnsband  to  mautain  his  flunily  lasts  thronghont  the  year."  Heckewelder^ 

Historical  Arconntof  the  Indian  XaiionH,  p.  142.  ''The  work  of  the  women  is  not 
hard  01  difHcuIf .  -  -  -  The  tilliii<;  of  tbo  fjrnniul  n  t  Iwunc  -  -  -  is  frequently 
done  by  female  parties,  uiucU  iu  the  manner  of  tliosc  Imskin^,  t|niltiii|4,  and  other 
froHcs.  -  -  -  The  labor  is  thus  quickly  and  easily  peiiutmed;  when  it  is  over> 
and  sometimes  in  intervals,  they  sit  down  to  ei^oy  themselves  by  feasting  on  some 
good  Tietnals  prepared  for  them  by  tbe  peraon  or  family  for  whom  they  work,  ete." 
Jbid.,  jip.  1 U,  145.  Consult  nlso  Williams's  Key  to  the  Indian  Language,  in  Collee- 
iionsof  the  Hhndc  hhtnd  Hint.  Sue,  p.  02.  Saj:^aH.  Foyatfe  dcs  Hnron»,  p.  130:  Paris, 
1632.  Jontel,  Journal  iu  IliMt.  Coll.  of  LoHi8iaHa,^ati  149.  Lalitau,  Moeure 
d»  Sanvoftt  Am0riqHiiin$t  vol.  ii,  p.  77:  Paris,  1721. 

f'Elles  trauaillent  ordinairement  pins  qne  les  kommes,  encore  qn'elle  sn'y  Solent 
point  forcdes  n'v  contraintos/'  Saj^ard,  Fojfttgc  den  Huronn^  p.  130:  Paris,  1632. 
"Not  only  voluntary,  T>nt  clitrrfnUy  ii<*rf«iniied."  Heckeweldcr,  p.  112.  **Iu  the 
spring  th*'  corn  field  is  planted  by  liei  ;nul  r),,-  vomifjsterH  in  a  vein  of  i^aiety  and 
frolic.  It  is  done  iu  a  few  hours,  and  taki.u  care  of  in  the  same  spirit.  It  i.s  per- 
^tly  volnntary  labor,  and  she  would  not  be  seolded  for  omitting  it;  for  all  labor 
with  Indians  Is  volnntary."  Schooleraft,  /mUaa  IHlm  o/  ihe  UnUed  8late$t  vol.  ii, 
p.  Rl.  ''An  reato  ce  travail  n'est  pas  penible."  Charlevoix,  Xourelh  Franrt,  vol,  - 
III,  p.  2;i.  .Se«s  also  Life  of  Mary  .lemison.  a  captive  amonp  the  Iroquois,  who  says, 
pp.  69,  70,  that  the  "  lot  of  tlie  ludiau  women  is  not  harder  than  that  of  white 
women:"  New  York,  1856. 

t"If  any  of  his  children  be  killed  or  taken  by  tlie  enemy,  he  Is  presently  far- 
iiisbed  with  as  many  slaves  OS  he  has  occasion  for."  La  Hontau,  vol.  li,  p.  7:  Lon- 
don, 170:?.  *' Wdhu'U  slaves  are  <miii>1<«\  «  (1  t<»  ntui  reap  tlu^  Indian  corn;  aiitl  tlie 
men  slaves  have  for  their  business  the  hunting  aud  shooting  when  there  is  uuy 
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DO  part  in  the  labor,  u  because  "they  were  always  at  war  or  bant- 
ing," 18  the  same  that  in  to-day  made  to  do  dnty  in  justifyiiig  the  exists 
enee  of  a  similar  oonditioa  of  aMrs  among  people  who  boast  not  a 
little  of  their  ciyilization* 

Among  most  of  the  other  tribes  north  of  the  Ohio  and  sontfa  of  the  St, 
Lawrence,  Huron  as  well  as  Algonquin,  the  men  not  only  habitually 
cleared  the  ground*— no  small  undertaking,  be  it  understood,  in  a 
heavily-timbered  region^but  they  firequently  took  part  in  what  is 
technically  known  as  working''  the  crop,  and  also  aided  in  the  labors 
of  the  harvest  field.  This  may  not  have  been  a  part  of  their  duty,  but 
we  have  the  authority  of  Charlevoix  for  saying  that  when  asked  to  aid 
in  gathering  the  crop    they  did  not  scorn  to  lend  a  helping  hand."f 

On  this  point,  however,  it  is  necessary  to  make  haste  slowly,  as  our 
guides  not  only  contradict  each  other,  but  are  very  often  at  odds  with 
themselves,  and  it  requires  some  judgment  to  pick  our  way  amid  the 
coiiflictiDg  statements.  As  an  instance  of  some  of  the  least  of  the  dif- 
ficulties that  beset  out  path  at  this  stage  of  the  inquiry,  let  ns  take  the 
younger  Bartram,  whose  account  of  his  travels  among  the  Indians  of 
the  Gulf  States  is  one  of  the  most  trustworthy  that  has  come  down  to 
ns.  Time  and  again,  in  the  course  of  his  narrative,  he  speaks  of  the 
part  taken  by  the  men  in  tlie  work  of  raising  corn,}  and  yet, on  page  513, 
he  tells  ns  that  they  perform  nothing  except  erecting  their  mean 
habitations,  forming  their  canoes,  stone  pipes,  tamhonr,  eaglets  tail^  or 
standard,  antl  s<ime  other  trifling  matters,  for  war  and  hunting  are 
their  principal  employments."  In  Vander  Donck's  New  Netherlands 
there  is  an  instan(;e  even  more  to  the  point,  though  it  is  no  means  an 
extreme  rnse.  On  one  pajre  he  tells  ns  that  the  Indians ''subsist  by 
hunting  and  fishing  thnmgliont  the  year,"  hnvin:,^  ;»i)pnrently  forgotten 
that  in  a  previnns  eliai)ter  lie  had  said  that  "nmsh  or  w/>^rH"  was 
their  common  tbod,  an  l  that  they  rarely  pass  a  day  without  it  unless 
they  are  on  ajoumey  or  huutiug.§   Strictly  speaking,  the  statements 

fatigue,  tho'  their  masters  will  very  often  bolp  tbem.*'  FM.,  p.  IS.  '<  Therefore  the 
plautation  work,**  among  (be  Irofiuois.  left  for  tho  woimm  ami  slaves  to  look 
afliT. Lawson,  Carolina,  p.  ISs.  l.ontloii,  ITIS.  >.  <  mIso  Ludtau,  vol.  ii,  p.  308: 
I'aris,  1724.  Cbarh'vnix,  L«'f  t<  is,  p.  Iii2  :  Lnndun,  17i>H.  Henuepiu,  ^]  AVir  JU'n^orrrff 
of  a  Vast  Coitutrtf,  rtc,  vol.  I,  pp.  43,  215,  atul  'S.ii:  LonUou,  1608.  John  linrtraiu, 
p.  79:  London,  1751.  By  almost  all  of  the  old  cliroiiielers  ''captive"  and  *'Blav«  ** 
»re  used  as  convwtible  terms. 

*"Cc  ^tont  les  homines  psr  tonte  rAniLM-icino  (|ui  nont  ebarg<^8  de  marqner  lea 
chnnijis  «t  tVvn  M)mtfr«'  li;s  groa  arbrcs.  Ce  sont  eux  fins«ti,  »jMi  en  tout  tomj*'*  "-out 
ubligt-»  de  couper  ki  grtw  buis/'  «!tc.:  Latitan,  Movarn  dv$  !>auvage»  AmrmimtiHtf, 
vol.  II,  p.  109:  Paris,  1724.  "The  qualifications  of  man  -  -  -  to  buiUl  cotta^^es, 
to  fell  trees,"  etc.:  La  Hontan,  VogoffCBt  vol.  ii,  p.  9:  London,  1709.  Compare  La 
P(»tlit'rits  vol.  Ill,  p.  18:  TuriH,  17'):^. 

t  C'harU  voix,  Ldtir^,  ]>.  -'M:  Loudon,  17(;:>. 

t  Tnin  h  through  North  and  Smith  ('arolinu,  titor(/ia,  Ett*t  aiut  IFe»t  Fhrida,  ttc,, 
pp.  194,  512,  517:  Philadelphia,  1791. 

i  Vander  Donok's  Kew  Netherlands,  in  ColleetioHt  Sew  Tork  EM.  80c,,  voL  i,  of 
new  series,  pp.  193  and  197. 
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in  the  first  of  these  instances  are  not  conti'adictory,  for  our  author  is 
8peakiu|?  of  manutactures  whni  he  says  the  men  do  nothing,  etcf^ 
and  it  is  iM>ssible,  in  that  latitude,  for  a  man  to  raise  a  crop  of  e^mand 
work  it  well  too,  and  yet  spend  the  most  of  his  time  hunting  and 
fighting.  To  admit  tliis  however  is  to  credit  the  old  chronicler  with 
a  degree  of  refinement  in  the  use  of  language  to  which  he  is  believed  to 
have  been  an  utter  strsvnger.  In  the  second  instance,  there  is  no  room 
for  any  such  compromise.  The  two  statement  conflict,  and  can  not  be 
recoucilc(l  by  any  amount  of  verbal  hair  sintting.  In  neither  case,  be  it 
observed,  do  the  facts  justify  the  inference  that  the  liehl  work  was  left 
exclusively  to  the  women,  as  that  conclusion  is  manifestly  impossible, 
so  long  as  it  is  admitted  that  the  men  took  any  part  in  the  labor,  be  it 
ever  so  small,  at  any  stage  of  the  process;  and  yet  it  is  precisely  upon 
tilt  se  and  similar  statements  tliat  this  conclusion  is  based.  Without 
stoi)ping  now  to  inquire  into  the  rationale  oi  these  eontradictions,  some- 
times only  a])parent,  but  olteu  very  real,  it  will  besufiicieut  to  say  that 
they  have  not  sprung  from  any  wish  to  mislead,  but  have  rather  grown 
out  of  the  fact  that  when  these  old  writers  began  to  genei  ulize,  they 
fell  into  the  (  ominon  error  of  ftiiling  to  nmke  du  allowance  for  the 
many  exceptions  to  the  rule  they  were  hiying  down.  In  all  such  cases 
the  true  way  out  of  the  difficulty  is  not  to  accept  one  statement  to  the 
exclusion  of  the  other;  neither  will  it  aid  us  to  oflset  one  by  the  other, 
and  so  reject  both,  but  rather  we  oii^^lit  to  (jualify  the  general  conclu- 
sion by  the  excei)tions,  and  thus  bring  it  within  the  bounds  marked 
out  by  the  fa<*ts.  Believing  this  to  be  the  true  method  of  pursuing 
this  investigation,  it  will  be  incumbent  on  me  to  examine  into  the  his- 
tory of  each  tribe  or  group  of  tribes  separately,  in  order  to  find  out 
whether  the  men,  i,  e.,  the  warriors,  took  any  part  in  the  field*work, 
and  if  so,  to  what  extent.  If,  in  the  course  of  the  inquiry,  it  should  be 
shown  that,  in  any  tribe,  at  any  time,  the  men  did  take  some  part  in 
.this  work,  no  matter  how  insignificant  it  may  have  been,  then  it  is 
evident  that  at  that  time,  in  that  particular  tribe,  the  fleld-work  was 
not  left  exclusively  to  the  women,  whatever  may  be  said  to  the  con- 
trary by  the  author  who  tells  the  story.  It  must  not  however  be  for- 
gotten that  although  this  statement  as  to  the  actual  condition  of  a 
large  minority  of  the  tribes  living  east  of  the  Mississippi  and  south  of 
the  Stw  Lawrence  is  believed  to  be  true,  yet  it  is  not  denied  that  there 
were  many  instances  in  which  this  labor  was  practically  left  to  the 
women,  owing  to  the  fact  that  the  men  were  away  from  home  hunting 
or  fighting.  This  fact  was  unfortunately  of  frequent  recurrence;  but 
as  it  was  the  result  of  an  accidental  and  not  of  a  permanent  condition 
of  affiftirs,  it  would  hardly  be  Mr  to  ascribe  it  to  the  existence  of  any 
custom  or  to  any  belief  in  the  derogatory  character  of  the  work. 

Beginning  with  the  Huron s,  of  Canada,  we  find  that  in  A.  J>,  1535  a 
band  of  the  Iroquois  branch  of  that  family  was  living  in  the  stockaded 

H,  His.  334,  pt.  1  33 
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village  of  Hocliela}i;i,  now  Moutical.   Accord i ml;  r*»  Cai  ti*-!  *    they  hud 
good  and  large  fields  lull  of  corn,    -    -    -    w  hicli  they  prcst'i  ve<l  in 
gancts  ;iT  the  iop  of  their  Itonses."    He  also  tells  us  that  tin  \  uo 
"  ;,nv('ii  to  liiisiiandi  ie,    -    -    -    ))ut  arc  no  men  of  qrreat  labm  ;  uutl 
that  they  diuir»'  tlicir  <;roiin(l  witii  certain  pieces  ol  wood  as  big  as 
halfe  a  sword,  on  which  ground  groweth  their  come."    Tiie  women 
are  said  "to  work  more  tlian  the  men    -    -    -   in  tilling  and  hus- 
banding the  ground.-'    Champlain.t  A.  D.  1610,  Sjx  aking  uf  this  same 
family  of  tribes,  especially  of  those  living  north  of  the  St.  Law 
rence.  and  in  the  peninsula  lying  .x'twcen  lakfi*  Huron,  Erie,  and 
Ontario,  repeats,  substantially,  what  is  said  about  thcii"  houses  and 
fortiticd  villages^  and  adds  that  most  of  them  cultivated  corn,  which 
was  their  principal  article  of  food,  and  which  they  also  exchanged  for 
skins  with  the  hunter  tribes  living  to  the  north.    They  stored  it  in  the 
toi)s  of  their  houses,  and  cultivated  it  in  quantities,  so  that  they  miglit 
have  OB  hand  a  supply  large  enough  to  la«t  three  or  four  years,  in  case 
of  the  ^ure  of  the  crops  in  some  bad  season.!  ^he  women  are  said  to  , 
hare  cultivated  the  ground  and  planted  corn,  whilst  the  men  hnntsd,  ' 
iished,  went  to  war,  and  built  their  cabins.  When  this  was  done,  tbey  ' 
went  off  on  trading  expeditions  among  other  tribes,  sometimes  extend-  j 
Ing  their  trips  to  the  distance  of  400  or  5W  leagues.  All  this  is  con-  , 
firmed  by  Sagard,  ||  who  adds  some  interesting  details  as  to  the  tenure  of  : 
landsH  and  the  method  of  cultivating  the  com.  He  also  tells  us  that  ; 
the  men  cleared  the  ground,  and  that  this  was  done  with  great  difficnltx,  I 
as  they  had  no  suitable  implements  with  which  to  work.  This  prooeaa 
was  the  same  among  all  tlie  Xudinn  tribes,  and  as  it  is  practically  is 

•Cartier  in  Hakluyt  H  Votfnfft'f>.  vol.  in,  pj>.  iTl.     j«/v/..-  Loudon.  1810. 

t  Foyages      Chnmjthi'in,  Livio  (^iKitricmc,  cliaiiter  viii :  I'aria,  1632. 

tCompuro  Rclutiou  de  la  Nouvelle  i'ranco  on  1"  auu«^e,  ItUiG,  p.  2:  i^iiebec,  1858. 
Ltkflttku,  Moew9  de»  Sa»ifag»  Jmeri^uahUf  toI.  ii,  p.  3,  et  «q,:  Puis,  1724.  U 
HontaD,  rojrajro*  vol.  ii,  p.  6:  London,  1708.    Charleyoiz,  Letttrt,  pp. 
London,  1763.    Saj;ard,  Ioj/wy/c  rf<?»  ffwroMs,  pp.  115-117:  Paris,  16.12. 

^VoyatjcH  do  Chnin]tl:iiTi.  ]k  Paris,  IHH'i.     ''('nltiv^cnt  dcs  ihamps  dont  ] 

tin  nt  ii  stjrtisanci'  pour  U  lu  nourrituro  do  toute  1'  Anut^o:"  Kelatiou  da  la  NuuvciK"  J 
Franco  en  1'  ann^e,  ICK^e,  p.  118.   Scealto  ROa/Oon.  en  I'annii^,  1626,  p.  2:  giiebee,  j 
1S58.    "  The  Hiiroua,  more  laborons,  of  more  foraight,  and  more  noed  to  cnltivat«  j 
the  earth,  act  with  f^n^atiH-  prudent  r,  and  by  their  laltor  aro  in  a  condition  not  only 
to  snbsisf  witlmnt  any  li«'lp,  but  also  to  JVod  others;  but  this,  imlf  i  il,  they  will  not 
do  witliniit  some  rei^omponsp :"  ('harlevoix,  I  i  tb  rn.  p.  175:  LoDtton,  1763,  **Evi- 
dcucca  ol  their  agricultural  habits  may  still  be  iraced  in  the  large  spaces  isrhifh 
were  cnltivated,  and  whicb  are  yet  conspicnous:'^  Schoolcraft,  Indian  Iribe*  tkt 
Unittd  8tate»f  yoL  vi,  p.  201.  "Kt  eontinnent  ainsi,  Joaqnes  k  oe  qti'  ila  en  ayeot 
pour  deux  ou  trois  ann  de  jirovisiou,  soit  ]tour  la  rrainte  qu  '  il  no  lour  snccedc  f)ncl«|ne 
nmnvnisc  niiin'i'.  on  l»ien  i)our  1 '  all»'r  traictrr  on  d  '  rmtrcH  Nat  ions  pour  des  pell**- 
terics  ou  autren  cbos<  s  «|ui  h  ur  tout  besoiu:"  .Sagard,  i  otfage  dr*  linrom,  p.  154: 
Paris,  1633. 

I  V0jfag€de»Httrim9i  Paris,  16S2. 

IT  "Leur  eontuiue  est,  qne  chaqne  mesnage  vit  do  ce  qn '  il  pesohe,  chasse  et  aenw 
ayans  autant  de  terre  conune  il  lenr  est  neoessaire;  oar  toates  les  forets,  prairies 
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use  to-day  by  the  wliite  .settlers  on  our  frontiers,  bis  account  of  it  is 
translated  in  full.  ''The  1  nflians,"  ho  says,  bolt  (coupent)  the  tree« 
about  2  or  3  feet  from  the  ground,  then  they  trim  off  all  the  branches 
and  biu  n  them  at  the  foot  of  tlie  tree  in  order  to  kill  it,  and  afterwards 
they  tiike  away  the  roots.  This  bein<;  done,  the  women  carefully  clean 
up  the  giouud  between  the  trees,  and  at  e\c'ry  step  they  dig  a  round 
hole,  in  which  they  sow  9  or  10  frndns  <>i'  maiz,  which  they  have  liist 
carefullv  selected  and  soaked  fur  ^ouie  days  in  watcr.'^* 

Among  the  Iroquois  or  Six  Xations,  after  tliey  took  up  tlu'ir  residence 
in  western  New  York,  our  accounts  ma  not  less  full  and  explicit. 
Those  grim  warriors,  thanks  to  the  ill  advised  interferenct^  of  Ciiain 
plain  (A.  D.  1009-10),  in  their  quarrel  with  the  Adironducks,  lived  in 
a  chronic  state  of  hostility  to  the  French,  whoso  pathway  to  the 
Ohio  they  effectually  barred.t  Expeditions  were  repeatedly  fitted  out 
against  them,  but  always  with  the  same  barren  resolts.  A  few  villiiges 
were  borned^  sometimes  by  the  savagea  themselves,  to  prevent  their 
fSftUing  into  the  hands  of  the  whites,  and  the  adjacent  corn-fields  were 
destroyed;  bat  the  power  of  the  confederacy  remained  unbroken. 
Champlain  began  this  system  of  destructive  inroads  at  an  early  period ; 
in  1687  Denonville  improved  upon  his  teaching,  iind  later  on,  in  A.  D. 
1779,  the  Americans  took  up  the  work  and  showed  themselves  to  be 
apt  scholars.  In  this  year  Clen.  SaUivan,  at  the  head  of  an  American 
army,  invaded  their  coantry,  and  is  said  to  have  destroyed  160,000 
bushels  of  com,  and  to  have  cut  down  in  one  orchard  alone  1,500  apple 
trees.}  Large  as  was  the  amount  of  property  destroyed  at  this  time,  it 
was  but  a  fraction  of  the  destruction  wrought  by  the  French  under 
Denonville  in  1687.  In  the  course  of  that  one  invasion  four  viUages 
of  the  Senecas  were  burned,  and,  including  the  corn  in  eaehs  and  what 

terre«  non  di^friwheps  sunt  mi  coiDniiin.  i  t  wt  p*>irniirt  a  mi  chacun  <l*  en  defrischor  ot 
en»emencer  autant  qu'  il  veut,  *{u'  il  puut  et  «[u '  il  luy  fst  tieceHsairu;  et  ccttv  terro 
ainal  daftisohee  demenre  k  ]»  pemotme  antftnt  d'  anndes  qa'  il  ooatinua  do  la  cnlti- 
T«r  et  en  a«rvir,  et  ettant  •nti^remeiit  abandonne  da  maiatre  b  '  on  sert  par  mpna 
qui  vent  et  non  antrornent:"  Bagnrd^  f'otfoffr  drn  Hnrnnn,  p.  V.\?,:  Pnris,  1632.  Tlio 
If  nvoiis  agree  anu»njj;  thi»m^plv<«8  "tf>  allot  ea<')i  f:innly  a  certuiri  coiiipnss  of  ground, 
HO  tiittt  when  they  arrive  at  the  place  they  divide  tliemselves  into  tribes.  Each 
liimtar  fixes  hii  iiMUie  in  the  eeiiter  of  that  gronnd  which  ia  his  dittriets"  La  Hon- 
ten,  vol.  II,  p.  09;  London,  1708. 

'  Voyage  des  Huronn,  p.  134:  Paris,  1632.  Compue  Adair,  Hi9iflr>i  of  the  North 
American  /nrfiaHM,  p.  405:  I,"TMl»in,  177").  Smith.  Virfrinia  in  PtirrhaM' /'i/jfriMW,  vol. 
IV,  p.  16il6:  London,  1625.    i  oyaytM  do  Champhiiu,  pp.  73,  86:  Paris,  1632. 

tLa  Hontau^  vol.  i,  p.  24:  London,  1703.  Loskiol,  Mumiou  in  Amtrim,  p.  137: 
London,  1794.  Among  the  expeditions  emt  againat  them,  besides  those  mentioned  in 
the  text,  note  partionlarljr  those  in  1(>65  under  Conrcelles,  in  16S6  under  de  Tracy,  in 
1684  under  lif  la  Ilarro,  and  in  lf>f>2  and  lf>f>6  nndor  Frontpnar. 

X  History  of  \i  )c  )'ork  during  the  Heroluti'/nari/  U  nr,  vol.  II,  ]>.  331:  N«<\v  York, 
187B.  See,  also,  tr^tone's  JA/e  of  Jtrant,  vol.  ii,  diup.  i :  Albany,  Ihtio,  lor  an  ucconnt 
of  the  inunoDse  amount  of  com,  etc.,  destroyed  at  this  time. 
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was  standiuj?  in  the  fields,  400,UO0  miiiots  or  1'J,0<t,()00  bushels  of  f^rain 
were  des toy w1*  This  amount  is  doubtlessly  imi<  1 1  exaijrfjeraTed,  but 
that  it  was  very  hir^re  is  evident  from  the  statements  ot  Tontit  and  L<a 
Hontaii.t  ^>oth  of  whom  took  j»arfr  in  the  expetlition.  Aewrdinp:  to  the 
former,  they  were  for  seven  days  en ^a<i:ed  in  cutting  up  the  com  beh>ng- 
ing  to  the  four  villages.  The  latter  author  ])nts  the  time  consumed  in 
this  work  at  live  or  six  days,  and  by  way  of  showing  the  uselessness  of 
such  destniction,  he  makes  one  of  their  Indian  allies  remark  rather  cyn- 
ically that  "the  Tsoniiontonaus  did  not  matter  the  sptiiling  of  the  corn 
for  that  the  other  Iroquois  nations  were  able  to  supply  them."  These 
extrtvcts  will  give  some  idea  of  the  extent  to  which  com  was  grown 
among  these  tribes,§  and  will  justify  the  useof  much  stronger  Ian guai^e 
than  Mr.  Morgan  employs  when  he  declares  that  "it  can  not  be  atlirmed 
with  correctness  that  the  Indian  subsisted  principally  by  the  chase," || 

As  to  the  manner  of  |)reserving  or  storing  this  grain  for  winter  use, 
we  are  not  left  in  the;  daik.  la  addition  to  the  garrets  or  tojjs  of  their 
houses  and  cribs,ff  they  were  iu  the  habit  of  burying  their  suridus  corn 
and  also  their  charred  green  corn  in  cachcjt^  in  which  the  former  would 
preserve  uninjured  through  the  year,  and  the  latter  for  a  much  longer 
period.  They  excavated  a  pit,  made  a  bark  bottom  and  sides,  and  hav- 
ing dopOBited  the  com  within  it,  a  bark  roof,  water  tight,  was  con- 
stmcted  oyer  it,  and  ttie  whole  covered  up  with  earth."** 

In  regaid  to  the  fleld-work,  the  weight  of  evidence  inclinea  to  tiie  con- 
clusion that)  ever  since  the  arrival  of  the  whites,  it  has  been  in  the 
hands  of  the  women  and  slaves,  and  that  the  warriors  took  no  part  in  it, 
neither  working  the  crop,  nor  clearing  the  land,  m  theur  congeners  in 

*  Charlevoix,  liistoire  de  la  Xoutelle  France,  vol.  II,  p,  355:  Parii,  1744,   J)oo,  Himt. 
of  New  York,  flret  Hcrien^  p.  238:  Albany,  1849. 
tNarrative  iu  Uintoncal  Collections  qf  Louisiaua,  part  i,  p.  70. 
\Ia  HoDton,  Foyo^ev,  vol.  i,  p.  77:  Londoo,  1708. 

i  Iroquois  "reap  ordinarily  iu  one  harvest  aa  mnch  as  serves      for  two  yeara:" 

HoTinepin,  A  new  Diemrertf  of  a  Vast  Country  in  Amrrira,  vol.  i,  p.  18:  London, 
Itiiis.  "CultivatiHl  10()  :i«n'b: "  lUid..  |).  19.  "(  urn  plenty  among  different  tribes 
of  the  Iroquois:"  Grccnhalgli  j».  ltk»7),  in  Doc,  Mint,  of  Sew  York,  voL  i,  p.  15. 
''Corn  has  ever  been  the  staple  article  of  eonaiimptloik  animg  the  Ir«>qiiois.  Thoy 
ealtivated  tbis  plant,  and  also  the  bean  and  the  sqnash,  before  tiie  formation  of  the 
IcHgiio.  •  -  -  Raised  sufficient  qnantitiee  of  each  to  supply  thoir  utaiost  vants : 
Mor«jan,  Liague  of  iho  Troqnnls,  ]».  1!hi-  RiK  ht  sti  r,  1851.  "Vill.ifje  field  oonsistili^ 
oftentiniea  of  neverai  liuiuiictl  sicies  oi  cultivatcHl  land;"  Ibid.,  p.  314. 

II  League  of  Ihe  Iroquoi$,  p.  199:  Rochester,  1851. 

If  Lafitan,  vol.  ii,  p.  80:  Paris,  1721. 

**  Lengnc  of  the  Iroquois,  p.  319.   Mr.  Morgan  adds  that  "pita  of  ohamdootn  ar« 

still  found  near  their  ancient  settlements,  (^iircd  venison  and  other  nuats  wen* 
hiiricil  in  the  same  manner,  except  th:it  the  bark  repository  was  lined  with  deer 
ftkiiit*."  As  to  caches,  see  also  Hennepin,  /.  c,  vol.  I,  p.  18:  London,  1698.  Latitau, 
Jfoear*  de§  Sauvaga,  vol.  ii,  p.  79:  Paris,  1724,  iKMkiel,  MUahm  la  Amtrtta^  p.  68; 
London,  1794. 
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Canada  were  in  the  babit  of  doinf?.  Colden*  and  others  f  assert  this 
positively,  and  Gen.  Ely  S.  T^arkfr,  himself  an  educated  Iroquois,  con 
firms  tbo  stsiteinent  in  an  intercstinpf  letter  which  I  take  the  liberty  of 
publishing  ontire:  do  not  titiiik  that  the  Iroquois  men,  at  tlie  time 
to  whicli  you  refer,  ever  aided  in  any  agricultui  i  ]  operations  wliatever. 
Among  all  the  Indian  tribes,  es])ecialiy  the  more  powerftd  ones,  the 
principle  that  a  man  should  not  demean  himself  or  mar  his  dimity  by 
cultivatin  jT  the  soil  or  j^oithering  its  product  was  most  strongly  incul- 
cated and  enforced.  It  was  taught  that  a  man's  province  was  war, 
bunting,  and  fishing.  While  the  pursuit  of  agricnlture,  in  any  of  its 
branches,  was  })y  no  means  i)rohibited,  yet,  when  any  man,  excepting 
the  cripples,  old  men,  and  those  disabled  in  war  or  hnnting,  chose  to  till 
the  earth,  he  was  at  one^  ostracised  from  men's  society,  classed  ius  a 
woiuan  or  squaw,  and  was  disqualified  from  sitting  or  speaking  in  the 
councils  of  his  i)eoi)le  until  he  had  redeemed  himself  by  becoming  a 
skillful  warrior  or  a  successful  hunter.  At  tlie  jiresont  day  even,  some 
of  the  western  tribes  require  that  one  .shall  also  ])rove  himself  an  ex- 
pert thief  or  robber  to  entitle  him  to  res[)e<  t  and  consideration.  It  is 
within  my  recollection  that  a  very  large  proportion  of  the  Iroquois  men 
did  no  mannal  labor  whatsoever,  because  as  they  argued  it  was  menial 
and  beneath  their  dignity.  It  is  only  quite  recently  that  agricultural 
•work  by  men  has  become  general  among  this  people,  and  not  yet  are 
women  driven  altogether  £rom  the  field. 

^It  was  an  Iroquois  custom  to  use  captives  to  assist  their  women  in 
the  labors  of  the  fldd^  in  carrying  burdens,  and  in  doing  general  menial 
labor;  but  when  a  captive  proved  himself  possessed  of  what,  in  their 
Jndgmenty  constituted  manly  qualities,  then  he  was  fully  adopted  and 
admitted  to  all  the  privileges  of  an  Iroquois. 

You  may  possibly  call  to  mind  that  Brant^  the  elder,  a  great  Iro- 
quois warrior,  and  Bed  Jacket,  the  Iroquois  orator,  were  not  good 
fbiends.  One  was  renowned  both  in  war  and  council,  and  his  voice 
was  ever  for  war;  while  the  other  was  famous  only  in  council;  his 
voice  was  always  for  peace,  and  in  no  sense  was  he  a  warrior.  In  a 
general  council  of  the  magnates  of  the  Six  Nations,  held  at  the  time  of 
the  Miami  difflcnltieB  in  the  Korthwest,  Brant,  in  a  controversy  with 
Bed  Jacket,  in  which,  perhaps,  he  was  being  worsted,  taunted  him 
with  being  a  coward  and  a  squaw,  showing  how  strong  had  been  his 
early  education  respecting  the  qualities  essential  to  a  representative 
Iboquois. 

'<!  think  yon  will  also  find  accounts  in  Golden's  History  of  the  Five 

•♦'The  Imlian  womeu  purianu  all  the  drudgery  about  their  houscn;  thwy  plant 
tito  tank  and  labor  it  hi  every  respeet  till  it  is  brought  to  the  table,"  Hhtory  of  the 
t%v$Nailo»9,  p.  13:  London,  1747. 

t  ''Women  never  plant  corn  among  ns  as  they  do  among  the  In^nois  Lav8on» 
Carolina,  p.  188:  London,  171^.  "Tho  wift^  mnst  do  all  the  work  in  the  honsff  niid 
field:"  Loskiel,  Miintion  in  America,  p.  60:  London,  1794.  bee  also  J^agm  of  the 
Iroquois,  p.  329:  Rochester,  1851. 
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KatioDfi,  where  tribes  of  Indians  were,  or  had  beeii«  sabjngated  by  the 
Iroquois,  iknd  reduced  to  the  condition  of  women,  and  were  fbimaUy 
prohibited  ttom  engaging  in  any  warlike  enterprises,  and  were  en- 
joined to  spend  their  time  and  energies  in  tilling  the  earth,  and  the 
Iroqnois  were  accustomed  to  express  themselves  respeeting  such  sab* 
jngated  tribes  like  this :  *  We  have  pnt  petticoats  upon  tiiem,'  which 
uioant  that  thereafter  they  wero  rc(iiiired  to  do  only  servile  work. 
This  in  my  opinion  was  another  evidence  that  anciently  the  Iroquois 
men  did  not  do  any  agricultural  labor." 

/V  >•  contraj  Charlevoix*  speaks  of  a  tradition  current  among  tbeni,  to 
the  effect  that,  formerly — l>et'ot  o  their  arrival  in  New  York — they  wero 
almost  exclusively  occupied  in  husbandry,  and  were  bound  to  furnish  a 
part  of  their  harvest  to  tlie  Algonquins,  who  in  tlicir  turn  agreed  to 
supply  tlicm  with  a  certain  share  of  the  products  ot  the  c  base,  and  to 
defend  them  against  all  enemies  vvhat  soovcr.  He  adds  that  this  arrange- 
ment was  very  advantageous  to  both  parties,  but  that  in  the  estimation 
of  the  Indians  it  caused  the  Alfjonqniiis  to  rank  hi^licr  tlian  the  Iro- 
quois, lor  the  reason  that  ainon^  them  a  successful  hunter  is  on  a  level 
with  a  great  warrior,  and  infen-utially  botli  take  ]u  <MMM!enee  of  a  hus- 
bandniao.  This  hnweviM-  Is  but  tratlitiou,  and  is  ^ivcu  for  what  it  is 
worth,  iliough  it  is  pro] m  i  U)  say  that  Charh'V(»ix  introduces  it  with  the 
remark  that  it  is  the  only  i>art  of  Inxjuois  )nslory  that  has  coniedovvu  ; 
to  us  clotlied  with  any  ai)i»eai  aiicc  ot  probai»ility,  and  that  botli  Col 
dent  and  Morgan!  give  pljR-e  to  tlie  story.  Without  .stoppiu^^  now  to 
inquire  into  its  truth  or  falsity,  we  may  be  very  sun'  that  dui  iii«i  the 
whole  of  the  seventeenth  and  part  of  the  eighte<»nth  centuries^,  the  Iro- 
quois warrior  hatl  but  little  time  to  (icvote  to  agriculture.  What  with 
lighting  the  French  and  Uurons  on  the  north:  the  Miamis  and  Illinois 
on  the  west;  the  Cherokees,  Catawbas,  and  Shawnees  on  the  south,  to 
say  nothiuj^  of  Ids  iinnu'diate  neighijors  in  New  England  on  the  east 
it  wotdd  sccai  as  if  his  h.inds  were  so  full  as  to  leave  but  little  time  tor 
hunting,  much  less  for  rai.sing  coruj  and  that  under  the  circumstances 

•Charlevoix  £«tler»,  pp.  124,  et  seq.:  London,  17t>3.  La  Potherie  tells  tbe  same 
story,  Itnt  '^ivos  it-  as  a  fact.  Soo  rfistorie  d(  V Amrrique  \«]  i,  jip.  lSS,rt  Pari*, 
17.53.  Th«  same  author,  vol.  iii,  p.  IS,  iu^ert'^  that  the  uieu  did  clear  tb«  grwiiiH, 
fence  in  the  fields,  and  prcx>uro  the  biinchcs  of  corn  for  drying.  He  uIho  adds  thai 
when  huaband  and  wife  are  nmeh  attached  to  each  other,  ttiey  do  not  aeparate  their 
work,  though  ordinarily  thejT  do  ttot  cencern  themael^ea  about  eaoh  other'a  dntiM. 
Lafit:iii,  vol.  ii,  p.  7:*,  snys  that  the  men  braided  the  corn  into  hiincliea,  and  add*  thai 
it  is  the  only  occasion  on  which  the  women  call  on  thi'  men  fur  lielj). 

f'Tho  Adiroudacki*  -  -  -  employed  themselv*^  wholly  in  hunting,  and  tb« 
Five  Nations  made  planting  ot'  com  their  business.  By  this  means  they  became  uaeAd 
to  each  other  by  exchanging  com  for  venieon.  The  Adirondacks,  however,  valued 
themselves  as  delighting  in  a  more  manly  employment,  and  despising  the  Five  XatiooS 
in  following  business*  wliich  they  thought  only  fit  for  women."  mtfory  of  tk«  fit* 
2fatioH9f-p.22:  London,  1747. 

t  "Tradition  informs  us  that,  prior  to  tbe  occupation  of  New  York,  they  resided 
in  the  vicinity  of  Montreal,  upon  the  northern  bank  of  the  St.  Lawnmoe,  wh«te 
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^'tlie  phmtatioE  work/'  as  the  old  chrooicler  lias  it,  must  have  been 
"left  to  the  women  and  slaves"  as  a  matter  of  necessity.* 

Aa  might  have  been  expected  in  a  people  who  had  developed  such 
C{i]>acity  for  the  management  ot  military  and  political  affairs,  we  find 
that  the  ideas  of  property  had  taken  detinite  shape,  and  that  the  rights 
of  individuals  were  duly  respected.  In  fart,  some  of  their  repdations, 
notably  those  in  relation  to  the  ]noiH'rt y  of  married  wonien,t  might  be 
copied  with  advanta^^e  in  some  of  the  States  of  our  favored  T?e]mblic. 
In  repud  to  the  teinire  of  land,  we  are  told  that  no  individual  could 
obtain  an  absolute  title,  ''but  lie  could  i  e<lnee  unoeeupie<l  lands  to  eul- 
tivation  to  any  extent  he  jth  ased;  and  so  lon^-  as  he  continued  to  use 
them,  his  ri^it  to  their  enjoyment  was  prote<'fed  and  secured.  lie  <  <nild 
als(»  sell  his  in»])i  ()ve!uents  or  licfjueath  them  to  his  wife  and  children,! 

Turning  now  to  the  tril)cs  of  the  Algonquin  family,  ami  be;;iiuiing 
with  those  that  lived  south  of  the  St.  Lawrence  and  east  of  t  he  I  ludson, 
we  can  not  but  be  struck  with  the  similarity  of  their  couditi(Ui  to  that  • 
wliieh,  as  we  have  seen,  existed  among  the  Hurons.  Champlain,§  who 
visited  this  coast  in  the  early  part  of  the  seventeenth  century,  foinid 
cx)rn  in  cultivation  from  the  "Kinnebequy"  to  Cai>e  Mallebarre,  iiciir 
the  southeastern  extremity  of  Cape  Cod.  At  Chacouet  (Saco)  he  saw 
the  natives  cuUivating  tlie  round,  ^- which  was  a  thing  he  had  not 
seen  before,  usin^;-  for  tliat  i»urpose  small  implements  of  hard  wood  made 
like  a  spade."  In  the  neighborhood  of  Cape  Mallebarre  they  are  said 
to  have  been  very  industrious  (-'fort  amateurs  da  labourage")  and  to 
have  provided  a  supply  of  corn  for  winter  nse,  which  they  stored  in 
caches.  1 1   They  lived  in  stockaded  forts,^  and  made  slaves  of  their  pris- 

tliey  lived  in  suhjectioii  to  the  Adiiomlacks,  a,  branch  of  the  Al^ontjuin  race." 
League  of  Ihe  Iroquois,  p.  5:  Uorheatcr.  1851.  ('otnparo  this  with  the  followinj?  state- 
meitt  of  Father  Le  Jeuue  in  relation  de  la  youvcllc  France  en  Vaim60f  1630,  p.  4U :  "Ltia 
Mavagcs  m'ont  monstrd  quelqaes  endioits  ob  les  Hiroqaois  ont  aatrefoift  onltiv^  1» 
tcne." 

*Law8on,  CaroNnay  p.  188:  London,  1718. 

t**The  rights  of  property,  of  both  husViand  and  wiff,  -wero  rontinnpd  distitiet 
during  thp  r'xistcncc  <(f  tin*  !n;irTi:ii;t'  relation,  the  wiff  holiliiij;  mid  loiit rolling  her 
owu  the  same  her  husband,  antl  in  case  of  scpuratiua  taking  it  with  Iter.  -  -  - 
If  tlie  wife  eith«r  bofoce  or  after  marriage  inherited  orcbards,  or  planting  lota,  or 
reduced  laiid  to  enltivation,  Hhe  couM  dispose  of  them  at  her  pleasure,  and  in  caseof 
her  dejith,  they  were  inherited,  together  Avith  her  other  cftects,  by  her  rhildn  ti." 
HorgAti,  League  of  the  Jrotjiioin,  \i.  ^'2G;  Koehester,  1^51.  Schnnlrraft.  .V«/<.s  mi  (4« 
Iroquoin,  p.  88,  New  York,  1846.    La  Potherie,  vol.  iii,  px».  H;^,  it  »*-#/.,  I'ariM,  1753, 

t  League  of  the  Iroquois,  p.  826,  RocheBtery  1851. 

^  Vojfagn  de  Champlain,  chapters  v,  vi,  and  Tii,  Paris,  16S2.  Compare  Lescar- 
lK>t,  Nwvetle  Franc  .  )>)•.  777  831-836.  Pari8|  1712.    Alflo,  Relation  de  la  youtelU 

fVawcc  on  rann<''e,  1B11-I(;i;>.  Quebec,  18.'>8. 
II  Voyages  de  Champlain,  p.  iK),  Paris,  1632. 

^De  Laet  in  Neu>  York  Hiii.  Coll.,  first  series,  vol.  i,  p.  907.  Ghamphiin,  p.  74: 
Paris,  1632.  Leeearbot,  book     p.  082,  Paris,  1712.  Williams,  Key  to  tbe  Indian 

Language,  in  vol.  l,  llhode  Island  Hist.  Coll.,  i>.  92,  Vincent,  Pequot  War  in  Maeta^ 
chusrtt>i  IT  int.  Coll.,  voL  VI  of  tbird  series,  p.  39.  Purchas,  J*ilgHm9f  vol.  iv,  p« 
1844,  Loudou,  1025. 
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oners,  especially  of  thv  woiikmi  aud  children,*  as  was  the  custom  among 
other  tribes  boloii^iii^  t<»  tliis  I'amily.f  In  1014  Capt.  Smith  explored 
this  coaiit,  aud  makes  meiitiou  of  '^the  jfardrus  and  cornfields  which 
he  saw  planted  on  those  sa  udy  clifts  und  clilVs  ul  i  ocks."|  He  also  bears 
"Witness  to  the  quantities  of  cdiii  <^Town  iu  that  rejrion  wheu  he  imdur- 
takes  for  a  few  trifles,  '^tu  have  enouju:li  it  uiii  tljc  salvages  for  three 
hundred  men"  uutil  the  colony  should  become  self-snpporting.§  Koger 
"Williams,  a.  d.  1G43,  on  the  same  subject  says  ""that  the  women  of  the 
family  commonly  raise  two  or  three  heaps  of  12,  15,  or  20  bushels  a 
heap,  -  -  -  and  if  she  have  the  help  of  her  children  or  friends,  aa 
much  more.''  He  also  adds,  that  sometimes  the  man  himself  (either 
out  of  love  to  his  wife  or  care  for  his  children,  or  being  an  old  man) 
-will  help  the  women,  which,  by  the  customs  of  the  country,  they  are 
not  bound  to.  When  a  field  is  to  be  broken  np  they  have  a  very  loving, 
sociable,  speedy  wajr  to  dispatch  it;  all  the  neighbors,  men  and  women, 
forty,  fifty,  a  hundred,  do  joyne  and  oome  in  to  help  fireely.  With 
friendly  joyuing  they  break  up  their  fields  and  build  their  forts." || 
Among  thranselves  th^  bartered  their  com,  skins,  and  venison,^!  and 
they  also  carried  on  more  or  less  trade  with  other  nations  in  shell  beads** 
(wampnm),  and  also  in  pipes,  which  latter  article  is  said  osoally  <*to 
comefiromtheManqnawwoptt  or  man-eaters,  three  or  four  hnndred  miles 
from  US.''  The  right  of  property  was  recognized  in  land,tt  and  their 
fields  as  well  as  the  district  within  which  each  man  might  hunt  were 

•Lescarbot,  Xouvcllc  I'lonn,  liouk  vi,        Ti'S  and  KTiO,  Paris.  171L'. 

iLafituu,  Moeura  drs  tSam  ayta  Amiriquainti,  vol.  i,  p.  5t>3,  aiitl  vol.  II,  p.  306,  Paris, 
1724.  LawBon,  CaroUnat  pp.  198-232^  London,  1718.  Marquette  in  IKiooorty  «mI 
ExpUrraUan  of  ike  Miwist^ppif  hj  John  G.  Shea,  p.  32,  New  Tork,  1852.  Charlevoix, 

ffUtoire  de  la  Kouvelh  France,  vol.iv,  pp.  101.  in.';,  and  p.  156,  where  the  Outnganiia, 
as  a  con<litioii  of  peace,  propnsf*  to  ro])1a<  o  all  the  killed  of  theix  enenuee  by  elavei 
whom  they  arc  to  capture  from  distant  nations:  Paris,  1744. 

t  Description  of  New  England  in  CoUeclioHs  of  Man,  ffitt.  Societjff  vol.Ti  of  thiid 
series,  p.  180. 

^  Ibid.,  p.  113. 

tl  Willianis,  Key,  pp.  ft?  ami  03.  I'heir  food  is  pulse,  -  -  -  which  is  hero  better 
than  elscwlirrr,  and  more  c-.iri-t'iill y  ciiltix  ated,"  Verrcziinn.  in  X.  Y.  Hi»i.  VoH.,  vol. 
I  of  new  HerieH,  p.  49.  "  Their  food  is  generally  boiled  niai/,e  or  Indian  com,"  Gookio, 
History  of  tbe  New  England  Indians  in  CoH.  Ma»9,  Bint.  Soc,  vol.  i  of  iint  series  ^ 
p.  150.  ** Taking  all  his"  (Khig  Philip's)  cattle  and  hogs  that  they  eotdd  find,  and 
also  took  possession  of  Mount  Hope,  which  had  then  a  tlioasaud  acrea  under  »  <»ni  " 
Drake,  Indiann  of  Xnrth  Amn^irn.  p.  2(H),  fifteenth  edition.  "Indians  came  down  to 
Windsor  aud  Ilartford  with  filty  canoes,  atone  time,  huleu  with  Indian  cum;"  Tium- 
bnll,  Ce«ii«o/*e»l,  vol.  i,  p.  88,  Hartford,  1797,  On  Block  lalaud,  Indians  had  <'aboat 
200  acres  of  com,"  Drake,  Jndian$  of  Xcrth  ^mcriea,  p.  118.  See  also  Winslow, 
Gooil  NTows  from  New  Knpfland,  in  PuTchas  Vihjrxms,  T.onilon.  Ifi?'. 

WUliama,  Key  to  tbe  Indian  Language,  in  vol.  i  CoU,  Jikodt  Uland  Biat.  Soc^  p. 

m. 

"Liuiitau,  Moeurs  d«»  Sauvages  AmcriquaiiiB,  vol.  1,  p.  i>03,  Paris,  1724. 
ft  Probably  Mobawk.  See  Drake,  Indiatu  of  North  AvtmieOy  p.  221,  fifteenth  edition. 
Ulbaveknown  them  to  make  bar^aine  and  sale  amongst  themselves  for  a  smsll 
piece  or  quantity  of  land."  Williams,  Key,  p.  89. 
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clearly  d<'tiiie<l.*  Tbey  also  seem  t<>  liave  arrived  at  that  *»lage  of  devel- 
opment in  wliieh  the  jwlvantajjes  of  ji  (liviKion  of  labor  are  rwoj;iuzed, 
for  we  are  told  that  "they  have  some  who  follow  only  making  of  Bowes, 
some  Arrows,  some  Dishes  (and  tlie  women  make  all  their  earthen  ves- 
sels); some  follow  tisbing,  some  hunting:  most  on  the  seaside  make 
money, ^'  /.  f wampum.    '^As  many  make  it  as  will/'f 

Among  the  tribes  living  in  southeastern  New  York,  and  along  the 
Hudson,  there  does  not  sei m  lo  have  been  any  lack  of  corn.  Hudson, 
A.  D.  1G()0,  states  that  in  latitude  42^  18',  iicir  where  the  town  l>earing 
his  name  now  stands,  he  saw  '*a  house  which  contained  a  gieat  quan- 
tity of  maize  or  Indian  corn  and  beans  of  last  year's  growth,  and  there 
lay  near  the  house  for  the  purpose  of  drying  enough  to  load  three  ships, 
besides  what  was  )2rn>wiiig  in  the  fields.'*  | 

The  work  of  tilling  the  ground  was  left  to  the  women,  who  had  the 
aasiatance  of  the  old  men  aod  the  children.§  The  warriors  are  said  to 
have  been  extrayagaiitly  inclined  to  hunting  and  Ashing, ||  though  De- 
Laet  tells  lis  that  ''they  are  very  serviceable^  and  allow  themselves  to 
be  employed  in  many  things  for  quite  a  small  compensation.^  They 
lived  in  stockaded  vOlages,  and  had  forts  or  castles  near  their  corn 
grounds  for  refage  in  case  of  the  sndden  irruption  of  small  marauding 
parties  of  their  enemies.''** 

Hew  Jersey  and  eastern  Pennsylvania  were  inhabited,  in  pait^  by 
different  bands  of  the  same  tribes  that  held  the  country  ac^aoent  to  the 
mouth  of  the  Hudson.  They  occupied  both  banks  of  the  Delaware  or 
"South"  river,  lived  in  fort8,ff  and  raised  corn  and  beans,  which  they 
sold  to  the  Swedish  and  German  settlers.||  Later,  about  the  year  1682, 

•"They  liavo  their  Uelds  dwtiuet:"  Leacarbot  hvro  vi.  pp.  776,830:  Pjirirt,  1712. 
Williams,  Key,  p.  141,  Winslow,  iu  Purcha»  Pilgrimit,  p.  18G9:  Londou,  1625. 
t  Williams,  Key,  pp.  128  and  133. 

t Quoted  in  DeLaet,  Description  of  New  Xelherlanda,  p.  300.  "Great  storo  of 
Maize:"  .luet,  Journal  of  TTudtmn'x  Foi/ayr,  p.  323.  ''Tliey  raise  an  abimdsmce  of 
corn  atifl  beaus,  of  vriiich  wo  obtain  whole  cargoes  iu  sloops  and  galleya  in  trade:" 
Vamier  Douck,  JV«JC  yvthcrlauds,  p.  209.  "Tkeir  common  food  -  -  -  is  j>a^,  or 
mnthf  which  •  -  -  ia  named  Mipa«».  Thia  in  ao  common  among  the  Indiana  that 
they  aeldom  paaa  a  day  without  it»  unlets  they  are  on  a  Joorney  or  hunting.  We  sel- 
dom visit  an  Indian  lodge  at  any  t  i  mo  of  day,  without  seeing  their  tapaen  preparing, 
spring  thoin  rntinp:  the  same.  It  is  the  <»ommon  food  of  all  :"  Ibid.,  p.  193.  All 
^lieKo  are  puhlislied  in  vol.  i,  new  scries,  of  the  Collections  of  the  New  York  Hint. 
Society,  and  the  paging  refers  to  that  volume.  "  Indian  corn  abundant Doc.  Hi»U 
of  Nt»  Ywkf  p.  22. 

^  Vander  Donok,  New  Xetimlanfyf  in  toI.   new  series,  Hist.  CoU,  o/Nm  York,  p.  208. 

II  Hnd.,  p.  209. 

H  DeLact,  Jh  nin  iptuin  of  Sew  Setherland*,  in  vol.  i,  new  series.  Cull.  N.  Y.  Hi§t, 
Soc,  p.  301,  ^eu  i  ork,  1841. 

**yaiid«rI>oncky  I.  o.,  p.  197. 
ttDeLaat,  I. p.  303. 

U  Kalm,  Trareh,  vol.  i,  p.  397:  London,  1772.  Canipanius,  History  of  New  Gwee^l- 
landin  vol.  i,  Coll.  of  Xew  York  ITht.  S'or.,  p.  316.  De  Vries  Voyages  in  Vol.  I,  new 
series,  of  Coll,  of  2sm  York  Hist,  Hoc,  p.  253. 
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William  Venn  fonnd  the  Dolawaros  and  ShawiuM's*  still  ocnipyiiifr  this 
rojrioTi,  and  it  was  witli  tlu'iii  that  hv  coiicliidod  the  famous  treaty  of 
^vhi(•ll  it  has  been  sa!<l  th;tt  it  is  tlie  on]y  one  ever  ma<le  that  was  not 
ratitied  by  au  oatlt.  ain]  t  liat  it  is  tlie  only  oue  that  was  never  broken. 
Speakiujr  of  thciT  luaimer  of  life,  be  sa\  s  tliat  their  diet  is  niaiz*'  <  >r 
Indian  com,  divers  ways  prepared;  Koinetinies  roa.sted  iu  the  a^lit-s, 
fioiiK  Limes  beaten  and  boih-d  with  water,  which  they  call  hominy." t 
Loskiel,  A.  P.  17.S8,  takes  up  the  story,  and  tells  lis  tliat  corn  was  the 
chief  liK  t  rd*  their  plantations.t  He  «also  says  that  *^  the  men  hunt 
and  lish  and  i)rovide  meat  for  the  household,  keep  their  wives  and  chil- 
dren in  clothinjr,  build  and  repair  the  houses  or  huts,  and  make  fenees 
around  the  plantations,  oeeasiunally  assistiug  iuthe  labors  of  tlic  tit*l«l 
and  garden. §  The  corn  is  stowed  in  itaehes,  and  they  keep  tlie  sitiia- 
titm  of  those  ca^jhcs  secret,  as  if  found  out  they  would  have  to  sujiply 
every  needy  nei^rhbor."  This,  he  adds,  luay  occasion  a  famine,  tor 
some  are  so  lazy  that  they  will  iu)t  phiut  at  all,  knowinpr  that  the  mure 
industrious  can  not  refuse  to  divide  their  store  with  them.''||  They 
also  did  more  or  less  barter,  especially  in  pipes,  the  material  for  which, 
a  red  marble,  is  rare,  and  found  only  on  the  Mississippi.  more 
common  sort  is  made  of  a  kind  of  ruddle  dug  by  the  Indians  living  to 
the  west  of  tlie  Mississippi,  on  flie  Marble  StveTf  who  sometimes  briu^: 
it  to  these  conntnes  for  sale.^1f 

At  this  point  it  seems  proper  to  reiSsr  briefly  to  the  flaet  noticed  by 
Gen.  Parker,  that  the  Belawares  were,  at  this  time»  a  conquered  tribe, 
and  held  their  lands  on  sufferance.  In  the  figurative  language  of  the 
Indians,  the  Iroquois  had  put  petticoats  on  them.  Whether  this  was  a 
rhetorical  flourish,  and  merely  meant  that  they  had  been  conquered,  or 
whether  it  was  intended  to  signify  that  the  Delaware  warriors  had  been 
forbidden  to  take  part  in  manly  pursuits,  and  were  restricted  to  the 
oceupations  usually  followed  by  the  women,  I  am  not  prepared  to  say. 
That  they  were  forbidden  to  dispose  of  the  land  they  occupied  is  clear 
from  the  speech  of  Ganassatego,  an  Iroquois  sachem,  at  the  treaty  of 
Lancaster,  A.  D.  1744;**  but,  on  the  other  hand,  it  is  equally  evident 

"Harvey,  Jhntory  of  the  Shawnee  Indians,  p.  1:  ( 'inciniKiti,  1855.  Tliis  tril»«'  is, 
»aid  to  have  beeu  the  custodian  or  keeper  of  ihc  purciimeuL  copy  of  tbe  great  treaty 
of  1682.  At  least  they  had  it  in  1722,  and  showed  it  to  Gtov.  Keith:  EM,  i>f  Shttm- 
nm^  p.  82.  Parkman,  In  CwMpirac^  of  PontuM,  vol.  n,  p.  239,  aaya:  "They  had 
parcliuieut  copies  of  treaties  with  Peuu/' 

tl'onii's  letter  quoted  in  Harvey's  JUUttorg  of  the  Shawnee  indtoii*,  p.  14:  Cincin^ 
nati,  Ifibo. 

tLoekiel,  Miedon  of  the  United  Brediren  atnong  the  Jniianii  of  Xortk  Am$hca,  p.  66: 
Loudon,  1794. 

ilhid.,  p.  59. 

n  Thid.,  p,  a^. 

^  Ihid.,  p.  51.    Compare  Kattu,  Jrui  eh,  vol.  ii,  p.  42. 

***'\Vo  conquered  you;  we  made  womeu  of  yon;  ^vou  know  you  are  women,  and 
can  no  more  sell  land  tban  women.'*  Colden,  BUtor^  of  the  Five  A'altaM,  toI.  p. 
80:  London,  1767.  See  alao  Speech  of  John  Hndaon,  the  Cayngs  Chief,     i>.,  1758. 
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thnt  thi"  I  )olawarp  warrior  did  not  hesitate  to  go  upou  the  warpath 
whcuever  it  suited  liis  pleasure  to  do  8o»*  l*rol);d>ly  the  true  explana- 
tion of  this  seeminj^  inconsistency  is  to  be  found  in  the  fact  that  whilst 
the  Delawares,  as  a  tribe,  were  proliibited  IVoin  exercising  anv  of  the 
rights  of  an  independent  })i'(>i)h',  yet  the  individual  warrior,  in  tiie  en- 
joyment (jf  rbut  wide  ]>(m  soual  libertyto  whielt  every  Indian  eastof  the 
Mississippi  seeius  td  li  iv*  i)een  born,  eonsalled  his  own  convenience  as 
to  when  or  with  whom  he  should  ti«jht,  and  when  or  liow,  if  at  all|  he 
should  aid  the  women  in  the  work  of  cultivating  tlie  tields. 

lu  Virginia,  among  the  tribes  composing  the  l*owhatani<' confedei'acy 
and  the  adjoining  nations,  c^rn  was  raised  in  gn  at  abumlance,  though 
there  were  times  when,  owing  to  imi)rovidenceor  a  failure  of  the  crops, 
the  Indians  suffered  moreor  less  from  want.  Capt.  Sniirh,  in  the  course 
of  one  of  the  ui any  expeditions  made  in  order  to  supply  the  starving 
colonists  with  food,  says  that  lie  could  have  loaded  a  ship  with  itjt 
and  in  his  letter  to  tlu^  (^)ueen  on  the  occjision  of  the  visit  of  the  ''Lady'' 
Pocahontas  to  England,  after  acknowledging  his  personal  obligations 
to  that  "tender  virgin,*'  he  tells  us  that  for  two  or  three  years  "shee, 
next  under  Qody  was  still  the  insti^nmeut  to  preserve  this  colonie  from 
deathe,  famme,  and  utter  eonAision.'^l  We  are  also  told  tliat  they  had 
stockaded  forts,§  iuid  tbat  tlieir  hoosea  were  built  in  the  midst  of  their 
fields  or  gardens,  "which  are  small  plots  of  ground,"  ranging  from  20 
to  200  acres.  ||  Each  household  is  said  to  know  their  own  lands  and 
gardens,  and  must  live  of  their  own  labors      and  the  limits  within 

at  a  ronfcrenre  hohl  at  Ifurliugton,  in  Arcbyologia  Arnoriranfi,  vol.  ir.  p.  is.  In  thin 
connevtiuu,  aud  m  ahowing  tho  similiarity  of  ciiHtitiuH  uiuung  tlio  Indians,  it  in  of 
InteMSt  to  note  thst  the  Creeks  claimed  to  have  put  petticoats  upon  the  Clierokees, 
and  at  the  treaty  of  Attgosta,  in  reply  to  the  statement  of  the  Georgians  "that  they 
had  bought  a  certain  piece  of  Innrl  from  the  Cherokees,"  a  f'rwk  chief  started  to  Lis 
feet,  "and,  with  an  agitated  and  terrific  countenance,  frowniiij;  mcnacns  and  dis- 
dain, Uxed  hiu  eyes  on  the  Cherokee  chiefs  aud  asked  tlieni  what  riglit  they  had  lo 
give  away  their  lands,  calling  them  old  women,  and  saying  that  they  had  long  ago 
obliged  them  to  wear  ^e  petticoat."  BartroiDy  Jhnwfo  through  FUHda,  P*  486: 
Philadelphia,  1791. 

*  lleckeweldcr,  ^/«/on(7j/ nrcouut  of  the  Indian  A'a^iow*,  including  tht(  Introduction, 
where  this  Kiil»ic(  l     discussed  ut  length  lr«>ni  the  point  at'  view  of  the  Delawares. 

tCapt.  Smith,  Xncg  from  T'irginia,  p.  20  of  the  reprint  by  Charles  Dean,  Esq.: 
Cambridge,  1866. 

i&nith,  VitffMa,p*  121:  London,  1632.  "It  pleaned  (tod,  after  awhile,  to  send 
those  people  -  -  -  to  rolievo  ns  with  victuals,  as  Dread,  Corne,  Fish,  and  Flosh 
in  great  plenty,  which  was  the  setting  tip  of  nnr  feeble  men,  othcrwifie  all  had 
periahed.  Also  we  were  irequeuted  by  divers  Kings  in  the  Conn  trie,  bringing  us 
atore  of  provision  to  oar  great  eomfort.''  Master  Geo.  Percy,  in  Porcbas  FUgrinUf 
▼ot  IV,  p.  1680:  Loi^on,  1636. 

$Capt.  Smith,  in  Purchas /'i/<^ri>«<i,  vol.  iv,  pp.  IGOS-l :  London,  1625.  Beverly, 
Virginia,  hook  m,p.  12:  London,  1705.  Uariot  in  Ualtlayt,  V^fogcf,  toLiii,  p. 928: 
London.  IS  10. 

I  Smith,  in  Tiirchas  Pilgrxmi^  voL  iv,  p.  16^)8 :  London,  1G25. 
iriM(i.,p.l698. 
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■whicli  earh  miprht  "fish,  I'owlc,  or  hunt ^' seem  to  liave  boon  not  less 
a(  <'urately  deteiniinod.*  As  to  the  part  takt  n  l».v  the  uion  in  the  fif^ld 
work,  our  authorities  are  not  a^rreed.  According  to  Capt.  Smith.  w}h» 
is  not  very  clccar  upon  this  point,  the  women  plant  and  ^.illier  the  com,  t 
though  elsewhere  he  sj)eak8  of  the  ^^Kin^i  (PoAvhatau)  hiniselt' niakiug 
his  own  robes,  shoes,  bowes,  arrows,  pot-s,  plaiilm^.  also  hunting,  and  do- 
ing offices  no  less  than  the  rest."  His  account  of  the  manner  of  makiu^ 
a  "  clearing"  is  also  somewhat  obscure,  and  may  be  interpreted  to  me&n 
that  this  part  of  the  labor  was  performed  by  the  men.  Be  this  as  it 
may,  howeyer,  other  writers  are  more  explicit  Hariot  and  Beverly 
confirm  what  ia  said  aa  to  the  supply  of  oom;  and  the  former  asserts 
directly,  and  the  latter  by  implication,  that  the  men  did  take  part  in 
the  field  work4  They  also  did,  more  or  less,  trade  amonjp  themselves, 
exchanging,  among  other  things,  their  "countrie  come^  for  eopper, 
beads,  and  such  Iike.§  Slavery  may  also  be  confidently  said  to  have 
existed  among  them;  for,  although  the  evidence  on  this  point  is  not  as 
fhll  and  clear  as  it  might  be^  yet  the  fact  is  plainly  dedncible  from  the 
statement  that  ''they  made  wwr,  not  for  lands  or  goods,  but  for  women 
and  children,  whom  they  pnt  not  to  death,"  but  kept  as  captives,  in 
which  capacity  they  were  made  ''to  do  service." || 

The  Oaiolinas  were  held  by  a  number  of  tribes  belonging  to  differ* 
ent  linguistic  fiunilies,  though  with  but  little  or  no  difference  in  their 
manners  and  customs.  The  Tuscaroras,  a  Huron  tribe,  occupied  the 
country  adjacent  to  the  Chowan  Biver  and  its  tributaries,  in  the  west> 
em  part  of  North  Carolina,  until  about  the  year  1713-^15,  when,  owin^ 
to  their  defeat  by  the  whites,  and  the  destruction  of  their  fort,  they 
fled  to- the  north,  and  took  refuge  among  the  Iroquois,  forming  the 
sixth  nation  in  that  confederacy.^!  In  the  western  jMurt  of  South  Caro* 
Una  lived  the  Catawbas,  who  are  chiefly  known  on  account  of  the  lon^ 

'Capt.  tSmitli,  lu  I'urchus'  rUgrinut,  vol.  iv,  i».  1703. 
\md.,  pp.  1S98, 1700  (vol.  IV). 

t"  AD  the  aforesaid  oonuDodHles"  (com,  beflos,  pMuce,  etc.)  "for  vietoal  are  set 

or  sowed  some  time  in  grounds  apart  and  severally  by  tliomHelves,  but  for  tbe  most 
part  mixtly.  -  -  -  A  few  days  before  tbcy  Sf»wo  or  s*«4,  the  men  with  ■wooden  in- 
striuuents,  made  almost  in  form  of  ZDattocks,  or  hoos  witb  long  haufUes;  the  women 
yrith  thort  pielrareoir  parers,  because  tbej  use  them  sitting,  of  a  foot  long,  and  about 
5  inches  in  breadth,  doe  only  break  the  upper  part  of  the  ground  to  raise  up  the 
wi  eds,  grasse,  and  <ild  stnhH  of  corn-stalks  with  tiieir  roots."  Hariot  in  Hakluyt^ 
\  oijarivR.  vol.  nr.  |).  Si'H:  I,oii<b)i).  1810.  "  Indian  corn  waa  th©  staff  of  Fowl  npon 
which  the  Indiaiis  did  ever  depend.  -  -  -  It  wjis  the  families  dependance,  and 
the  support  of  thoir  women  and  children.''  lievorly,  Virginiay  part  ii,  p.  29:  Loudon^ 
1706.  At  their  com  feast  they  boast  in  their  songs  "that  their  eoroe  being  now 
gathered,  they  have  store  enough  for  their  women  and  children;  and  lutve  nothinip 
to  do  but  «,'!)  to  war,  travel,  and  ncek  out  new  advt'ntures."    Ih\d.  part  III,  p.  43. 

^Capt.  Snnth.  iu  Purchas  nigrims,  vol.  iv.  p,  1701:  London,  162S. 

II  J  bid.,  I,  c,  pp.  1699,  1700.  "  The  werowauce,  women  and  children,  became  hie 
prisoners,  and  doe  him  service.'*  IHd.f  p.  170A. 

IT  Arekaoloffiu  AmerieanOf  vol.  il,  p.  80,  et  Mf . 
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and  relentless  war  which  tliey  waged  against  tho  Iroquois.  They  were 
exttMisively  engaged  in  growing  corn,  as  Adair  speaks  of  one  ot  their 
okl  lields  that  was  7  miles  in  extent,  and  argues  that  the  tribe  must 
have  been  very  popalous  to  cultivate  so  much  laud  with  their  dull  stone 
axes.*  In  the  interior,  and  along  the  coast  of  these  two  States,  there 
dwelt  a  number  of  sma^  tribes,  whose  names  have  scarcely  come  down 
to  OS,  In  170(P01  Lawson  travelled  through  this  region,  and  mnch  that 
we  know  of  the  people  who  then  lived  here  is  derived  from  his  narra- 
tive. From  it,  we  learn  that  they  cultivated  many  kinds  of  pulse,  part 
of  which  they  ate  green  in  summer,  keeping  great  quantities  fbr  their 
winter  snpply.t  This  they  stored  in  cribs  or  granaries,  which  were 
sometimes  built  on  8  feet  or  posts,  about  7  feet  high,  weM  daubed 
within  and  without  with  loam4  young  men  worked  the  fields,  as 
did  the  slavea^  who,  we  are  told,  were  not  overworked.!  The  women 
never  planted  com  as  they  did  among  the  Iroquois.  ||  There  were  no 
fences  to  divide  the  fields,  but  ^  eveiy  man  knew  his  own;  and  it  scarce 
ever  happens  that  th^  rob  one  another  of  so  much  as  an  ear  of  com, 
which  if  aiiy6ne  ia  found  to  do,  he  is  sentenced  by  the  elders  to  work 
and  plant  for  him  that  was  robbed  till  he  is  recompensed  for  all  the 
damage  he  has  suifered  in  his  cornfield;  and  this  is  punctually  per- 
formed, and  the  thief  held  in  disgrace  that  steals  ftom  any  of  his  coun- 
try-folks," t|  In  the  case  of  a  woman  without  a  husband,  and  with  a 
great  many  children  to  maintain,  the  young  men  were  obliged  to  plant 
and  reap  and  do  everything  that  slie  was  not  capable  of  doing  herself. 
They  do  not  allow  any  one  to  be  idle,  but  all  must  employ  themselves 
in  some  work  or  other.tl  They  bartered  pipes,  wooden  bowls,  and  ladles 
with  neighboring  tribes  for  raw  skins.**  We  are  also  told  that  the 
poorer  sort  of  white  planters  often  got  them  to  plant^  by  hiring  them 
for  that  season,  or  for  so  mnch  work.ft 

Of  tho  tribes  that  inhabited  Florida,  includin«2  iiTider  that  title 
G^rgia,  Tennessee,  Arkansas,  and  all  the  Onlf  Statt^s  except  Texas, 
our  acconnts  are  very  fnll  and  explicit.  From  the  time  of  De  Soto, 
A,  D.  1,539,  and  even  eai  lier^T  <'orn  was  grown  every wliere  in  great 
abnn<lane(».  Indeed,  but  for  the  qnantities  seized  by  that  adventurer 
during  the  thr<*e  or  four  years  he  i»assed  in  rambling,  t<i  and  fro.  over 
the  vast  region  traversed  by  him  ou  both  sides  of  the  Mississippi,  he 

'Adair,  HUUniTf  of  lAa  American  InMana^  p.  225:  liondon,  1775. 
tlAwaoB,  Carolina,  p.  207:  London,  171S. 

Mhid.,  pp.  17  and  177. 
^Ihid.,  i.p.  17!),  232, 
Wlhid,,  p.  1^. 
fl/Wd.,p.  179. 
'•iUtf.,  pp.  68, 171),  206. 
tt/ftirf.,  p.  86. 

tjCabeca  Vara,  in  Hncklnn^ham  Smitli's  translation,  pp.  11-47:  Now  York, 
1S71.   Uerrera,  iHttory  Ojf  America,  vol.  vi,  pp.  60,  31:  London,  174U. 
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could  not  have  subsisted  his  horde  of  ruthless  foUowers,  with  their  at- 
tendant trains  of  captives  and  domestic  animals.*  La  Vega^  Biedma, 
and  above  all  the  Knight  of  Elvas,  bear  witness  to  this  fact  on  almost 
every  page  of  their  uarratives.f  We  are  also  told  that,  on  both  sides 
of  the  liver,  the  natives  lived  in  walled  to^^-ns4  and  that  they  gathered 
every  man  his  own  .crop,§  which  they  stored  iu  barbacoaeil  or  granaries, 
made  somewhat  like  those  iu  Carolina. 

Passing  over  an  interval  of  a  hundred  and  tifty  or  two  hundred 
years,  and  coming  down  to  the  ei^'liti'fnth  rontiiiy,  we  hiid  the  concii- 
tion  of  affairs  in  all  tiiat  region  practically  undiangexl.  The  same 
tribes,  with  scarcely  an  exception,  that  held  the  country  cast  of  the 
Mississippi  in  the  time  of  De  Soto  still  possessed  it,  and  lived  substan- 
tially williin  the  same  boundaries  as  they  did  win  n  first  \'isited.  In 
the  meantime,  tin'  "Mississippi  liad  been  explored  from  tin'  I'alls  of  St. 
Anthony  to  its  mouth,  the  French  and  English  had  ]>ushe<l  tl^pir  trad- 
ing posts  everywhere  throughout  the  valley,  and  were  ('ontendm<i:  lor 
the  pos^esiiion  of  all  that  vast  domain ;  but  the  Indians,  save  when 
hroufrlit  into  imnn'diat<'  contact  with  the  whites,  still  pursued  theev<-n 
tenor  ot  tlieir  way,  and  hunted  and  fou<;lit  daucedand  worshiped,  much 
as  their  ancestors  ha<l  done  some  two  hundred  ye^rs  before.  They  bii  ilt 
their  houses  and  fortified  their  villages  in  much  tlie  same  manner.*]  ami 
ciUtivated  their  tields  aud  gardens  with  the  same  rude  and  unsatisfac- 

*  "We  landed  six  hundred  and  tweuty  men  and  two  hundred  and  twenty-thrc^e 
horsrs."  N'nri Jitivc  of  Biedma.  in  IIM.  Coll.  of  f.oHiHana,  part  li,  p.  97.  This  is 
the  smallest  nuinlx'i'  j;ivtn  by  eiflipr  one  of  the  chroniclers  of  this  expedition,  and.  it 
is  accepted  for  this  reason,  it  will  be  »ecu  that  uu  luentiou  is  made  of  the  drove  of 
hogs,  though  it  mutt  bava  been  large^  as  wa  are  toM,  I.  o.,  p.  101,  that  in  the 
tack  made  1>y  the  Indians  on  the  Spaaiardt  when  in  winter  qnartem  at  Chica^a^ 
they  destroyed  three  hundred  hogs."  besides  fifty-seven  hoieee.  The  Gentleman 
of  Elvas  says  "  fifty  horses  and  fonr  hundred  hojfs.*' 

t  **  In  the  barns  and  in  the  tieltl»  p-eat  store  of  mai/e.  -  -  -  Many  nov^ii  fields 
which  reached  from  one  (town)  to  the  othor/'  p.  152.  In  the  town  was  great  store 
ofold  maize,  and  great  qnantities  of  new  in  the  fields,"  p.  172.  -  -  -  "Themaue 
that  was  iu  the  Other  town  was  brought  hither;  aud  in  all  it  was  eateemed  to  be  six 
thousand  hameys  or  Luslu'ls,"  j).  203,  -  -  "Ah  sonn  ns  they  came  to  Cale,  the 
fiovrnior  cnranianded  tlu-m  to  gatljer  all  tli<Mnaizo  that  wiu*  ripe  in  the  fields,  whifh 
w  im  sufiieient  for  three  mouths,"  p.  130:  Narrative  of  the  expedition  of  Heruaudo  rl© 
Soto,  hy  a  Gentleman  of  Elvas,  in  BUU  Cott.  of  LattMana,  part  u.  **  De  Soto  did 
not  kill  any  of  his  hogs,  becanse  they  found  plenty  of  provisions:"  Henerai  toI,  v, 
p.  312 :  T.ondnn.  1710  (  ac  iqness''  of  Cofachiqni  ''had  2,000  hnahelo  of  maiae  in 
one  of  her  towns."  I  hid..  ]».  317. 

}  Gentleman  of  Elvas  aud  Bieilma,  in  Hist.  Coll.  o/  Louiftintia.  part  ii.  pp.  108,  104» 
160, 172:  Philadelphia,  1860.  Ganrilasso  de  la  Vega,  seconde  partie,  pp.  19-37 :  Paris, 
1700. 

^  A  brief  note,  -  -  -  taken  out  of  the  Uth  chapter  of  the  IHMsorery  of  thr 
Inland  i>f  Florida  on  the  backsidt-  of  \  iri,'iiiia.  begun  by  Fernando  de  Soto,  A.  D.  1539* 
iu  Mass.  Hist.  Coll..  \'(d.  viii.  tliiicl  series,  p.  115. 

K  Gentleman  of  Klvas,  L  c,  p.  137. 

IT  Du  Prats,  Hittory  of  LouhianOf  vol.  it,  p.  251 :  London,  1762.  Domont,  Memoiv 
in  Hist.  Coll.  of  Ijonisiana,  part  v,  p.  108:  New  York,  1663. 
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tory  implements.  *  lu  all  this  they  did  uot  differ  fi*om  their  neighbors 
to  the  North ;  in  fact,  m  similar  were  their  forms  of  goyemmeut,  their 
cnstomH,  and  their  rellKioiis  belief^,  that,  mutatis  mtUandis^  theaccomits 
giren  of  the  Hurons  and  Algonquins  might,  with  but  little  change,  be 
applied  to  the  tribes  living  south  of  the  Ohio,  f  In  one  or  two  particn- 
lars,  however,  there  seems  to  have  been  some  improvement,  notably  in 
their  organized  system  of  relief  for  the  poor  and  needy*  which  seems 
to  have  existed  firom  the  earliest  period,  |  and  in  the  provision,  made  at 
harvest  time  for  the  exercise  of  tribal  hospitality,  and  for  defraying, 
what  may  be  justly  termed,  public  expenditures.!  In  their  method, 
too,  of  preventing,  or  rather,  punishing  laziness,  which  they  did  by 
fine,|{  they  showed  an  advance  in  social  science  that  is  worthy  of  all 
coDunendation.  Among  them  com  was  the  staple  article  of  food,^  and 
was  cultivated  in  great  quantities,  their  fields  not  unfrequently  being 
measured  by  miles  instead  of  by  acres,**  The  work  was  done  in  com- 
mon, though  the  fields  were  divided  by  proper  marks,  and  the  harvest 
was  gathered  by  each  fEunily  separately.ff  The  men  are  said  to  have 

*  Sec  ante,  font-nut«  t,  on  pajje  509. 

tLalitau,  Moturs  de»  Sauvages  Ameriquains,  vol.  i,  p.  530:  Paris,  1724. 

t"CaeiquM8  of  Coffushiqni  bad  two  HtorehooMft  for  the  relief  of  the  needy:** 
Herrera,  voL  v,  p.  316:  London,  1710.  rimlicrlake,  who  visited  the  Cherokees, 
A.  i>.  17H1,  and  accompanied  Ik  «leU'>;.'itii>n  of  tlu'in  to  En^rlynd,  desfribos  tlielr  method 
of  relieving  the  poor,  which  roscmUlt  s,  iu  Honie  respects,  the  beggiug  dauoe"  of 
the  Indians  of  the  PlaiuH:  Mtnwirs,  p.  kiK:  London,  17G5. 

t  "  PrarioiiB  to  their  carrying  off  their  crops  firom  the  field,  there  is  a  large  crib 
or  granary,  erected  in  the  plantation,  which  is  called  the  King's  crib}  audtothia 
each  family  carries  and  deposits  a  certain  quantity,  according  to  his  ability  or  in^ 
clination,  or  none  at  all  if  he  so  chooses;  this  in  apearnnce  seems  a  tribute  or  reve- 
nue to  the  niieo.  hut  in  fact  is  designed  foi-  auutUer  purpose,  i.  e.,  that  of  a  public 
treasury,  hupplitd  by  a  fev  and  -voluntary  contributions,  and  to  which  every  citi- 
sen  has  the  right  of  a  free  and  eqnal  access,  when  his  own  private  stores  are  con- 
aamed,  to  ser%'e  as  a  surplus  to  fly  to  for  succor,  to  assist  Deij^boring  towns,  whose 
crops  nuiy  have  f  iiled,  accommodate  strangers  ortraveh»rs.  afford  provisions  or  sup- 
plies when  thev  -^o  forth  on  hostile  expeditions,  and  for  all  other  «!xigeneips  of  tlHi 
State:"  Bartram,  Trarth  through  FlorUiti,  p.  512:  Loudon,  1791.  The  llmou-iru- 
qnois  also  had  a  public  treasury,  which  contained  wampum,  Indian  com,  sIatcs, 
flreah  and  dried  meat,  and,  in  fact,  anything  else  that  might  serve  to  deftay  the 
public  expenses,    .^ee  Lafitau,  vol.  i,  p.  508,  and  v(d.  n.  p.  273. 

II  "'The  delinqnent  i.s  assessed  more  or  less,  according  to  his  ncjjlect,  liy  proper 
officers  appointed  to  collect  those  assessments,  which  they  strictly  fullill  without 
the  least  intermptloQ  or  exemption  of  Miy  able  person  f  Adair,  Hittory  of  Amerioan 
/mltoits,  p.  490:  London,  1763.  Compare  Lawson,  Cacolisa,  p.  179:  London,  1718. 

if*'Chief  produce  and  main  dependence:"'  Adair,  p.  407.  "Principalsubsistence:" 
Pn  Prat/,  Hintory  of  Louisiana,  vol.  ii,  p.  230:  London,  176:i.  "Common  food  of 
the  C  reeks  is  Indian  corn :"  Schoolcraft,  Jndian  TribtH,  vol.  v.  p.  264.  "They  sow 
their  maize  twice  a  year:"   Laudonniere,  iu  JUal.  Coll.  of  Louisiana^  pai't  p.  174. 

Adair,  pp.  225,  353,  411:  London,  1768.  Bartram,  TrateU  through  FlorUUh  pp. 
54,  332,  350, 352, 354:  Philadelphia,  1791.  NarratiTO  of  Joutel,  in  Maigry.  vol.  lu, 

p.  1'"-  -  I':(ris. 

1 1  iiartram,  p.  5122.   Adair,  p,  430,   Bouians,  Eiut  and  JFetf  fVorida,  p.  87, 
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aided  iu  tlu*  fielfl-work.  lutlecd,  .no  ^eiK'ral  was  tins  cu-tnui.  ili.n  T  do 
not  know  ol"  -a  siii«j]»'  promiiient  trilx*  living  east  of  th«  ^lississij)])!  aud 
witbin  tilt*  hunts  uamed,  in  whicli  this  can  not  be  shown  to  have  been 
the  case.*  The  Choctaws,  as  we  hav  e  s«mmi,  wen*  a  nation  of  farmers, 
and  lieljx'd  thi'ir  wives  iu  the  labors  of  the  lielU  and  in  HKiiiy  othtM 
kinds  of  work;t  the  Muscojjees  rarely  went  to  wai  iinui  They  had 
lieipetl  the  women  to  plant  a  snfficient  plenty  of  ]>i<n  isions,|  and  Haw- 
kins tells  us  that  to  eonstitutf  a  legal  marria-r  amonfr  them,  a  man 
ronst,  among  other  things,  build  a  house,  nmke  his  erop,  and  gather 
it  in,  then  make  his  hunt,  and  bring  home  the  meat  f  and  tliat  when 
all  this  was  jnit  in  possession  of  the  wife,  the  eereuiony  was  ended,  or 
as  the  Indians  express  it  'Hhe  woman  was  bound,  and  not  till  then.^f 
Among  the  Natchez  and  kindred  tribes,  the  men  not  only  cleared 
the  fields  and  worked  the  crops^H  bat  iu  one  field,  that  in  wMch  was 
raised  the  com  destined  for  nse  in  tbe  feast  of  the  ^Bnsk"  or  First 
Fruits,  the  ground  was  prepared  and  cultivated  by  the  warriors  alone^ 
and  the  women  were  not  allowed  to  take  any  part  in  the  work  at  aoy 
stage.^1  Slavery  was  common  among  all  these  nations  from  the  earlies 
times,  as  it  was  also  among  tribes  belonging  to  the  Horon  and  Algon- 
quin families  of  the  North,  that  being  the  usual  lot  of  the  captives, 
especially  of  the  women  and  children.  In  the  time  of  De  Soto  we  are 
told  that  some  of  these  tribes  had  many  ^'foreign  Indian  slaves, 
taken  in  war,  whom  they  put  to  tilling  the  ground  and  other  sorts  of 
labor;  and  that  they  might  not  run  away,  they  used  to  cut  their  heels, 
or  some  sinews  in  their  legs,  so  that  they  were  all  lame.''**  At  a  later 
time,  the  custom  of  enslaving  captives  still  existed,  tf  though  I  do  not 
find  that  they  were  mutilated  in  order  to  prevent  their  escape,  it  is 
quite  probable  however  that  this  was  still  sometimes  done,  as  Lawson 

•  Laiulouuiere,  /.  v.,  p.  174.  iiurtratu,  pp.  194  ,  226,  512.  Adair,  i»p.  407-430. 
Koinau8,  p.  85.  Moiuoir  of  Tonti,  in  Hint.  Coll.  of  Louieiana,  vol.  i,  p.  63  Ln 
Moyne,  plate  zxi:  Fronkfort  ad  Hoenam,  1501. 

f  Heniard  Romans,  Kant  ami  fFeHt  Florida,  j^ji.  71,  83,  85:  Loudon* 

{A»iair,  H'mioi  i/  of  Anur'wnn  fiufinttfif  n.2~>'y  :  l.ondtiri.  17T.''>. 

^Skftcli  of  tbu  t'reek  Country,  in  CollevtionH  (ieorgia  Hutt.  ^c,  p.  42.  School- 
craft, Indian  Tnhea  of  the  Lnitrd  States,  vol,  v.,  p.  267. 

IDn  PraUs,  HUtj  o/ Xouiiiotia,  vol.  ii,  pp.  188-189:  London,  1788.  Among  the 
Tonicas  on  west  side  of  tiie  Mississippi,  "the  men  do  what  peasants  do  in  Franoe; 

tlit\v  rultivato  .md  dij;  th«  earth,  plant  and  harvest  tho  crops,  cut  tho  wood  and 
bring  it  to  the  rahin/'  etc.  Father  Gravier,  in  Shea's  Early  Po]fage$,p,  134;  Albany, 
1861.    Compare  St.  Cosue  iu  same,  p.  81. 
f  Da  Prats,  vol.  ii,  p.  188. 

**Uerrera,  JSittorif  of  A  voL  V,  p.  320:  London,  1740. 

ftM.  Penicaut,  in  l/ist.  Coll.  of  Louifiiana,\\€)V>'  t^eru'S,  pp.  123, 124:  New  York.  I  ViP. 
Brinto!!.  rioridian  Peninsuln.  )>,  HI:  Philadelphia,  IRIO.  Rartram.  Traveh  throu  jh 
Fivrida,  ]»p,  186,  213, 507.  ISarrative  of  La  Salle's  voyage  down  tlir  Mib^in^ipjij  liy 
Father  Memhr^*,  in  Discovery  and  Exploration  of  ihc  MMtitBipjii,  p.  171:  New  York, 
186Si.  Dn  Prats,  LouMana,  vol.  it,  p.  248.  Schooloraft,  Jadkin  Tribe$,  vol.  v,  p.  38(1 
Timbcrlake.  Memories  relaH»g  to  the  Ck(rokee»f  p.  80:  London,  1766.  Heiren^  vol. 
VI,  p,  260 :  London,  1740. 
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speaks  of  an  Indian  captive  who  Imd  been  thus  treated  by  tbe  Senftcas, 
but  who  h.id  nevertheless  ni.(i).i>;e<l  to  escajte  and  find  his  way  back 
to  North  Carolina  in  that  crippled  condition.  *  These  nations  excelled 
in  manufiRtturcs,  such  as  i)ipes,  pottery,  and  wiekerwurk,t  and  seem 
always  to  have  had  more  or  less  traffic  among  themselves,  f  Indeed, 
Herrera  speaku  of  "merobaiitA  that  travelled  np  the  country,"  and  tiie 
experience  of  Cabe^a  de  Vacn  among  the  Indians  of  Texas,  as  a  dealer 
in  flint  and  other  artich's,  which  he  brought  from  the  interior  and  bar- 
tered with  the  Indians  of  the  coast,  would  seem  to  be  decisive  as  to 
tbe  existence  among  them  of  a  ehisa  of  p6dlers.§ 

Of  the  tribes  that  Hved  on  the  west  bank  of  the  Mississippi,  onr  ac- 
Gonnts  are  not  so  full ;  but  from  what  we  do  know  of  them,  it  is  safe  to 
say  that  in  their  manner  of  life  they  did  not  differ  materially  ih>m 
their  neighbors  on  the  other  side  of  the  great  river.  In  the  time  of  La 
Salle,  A.  D.  1682,  they  lived  in  fixed  villages  sedentatres  as  they 
had  done  some  hundred  and  fifty  years  before,  when  De  Soto  swept 
through  that  country  like  a  tornaido,  and  they  still  cultivated  com  in 
great  abundance.  If  Peach,  plum,  and  apple  trees  were  found  among 
the  tribes  living  near  the  month  of  the  Arkansas;**  and  these  same 
tribes  are  said  to  have  had  great  quantities  of  domestic  fowls,  including 
flocks  of  turkeys ;  ft  in  short,  to  have  been   half-civilized."  *t  As  Joutel 

•  Liiwson,  Carolina.  )>.  53:  London,  171S, 

t  Adair,  p.  423 :  London.  1775.    Dn  Pratz,  LouUiana,  book  iv,  chap,  iii,  sec.  5 :  Lou- 
don, 1788. 

tHerrera,  voL  v,  p.  310:  London,  1740.  Landonnirro  in  ITaklnyt's  Vo^aff«»f  vol. 
Ill,  p.  389:  London,  1810.  Schoolcraft,  Indian  JHbet  of  the  UhUmL  SM«i,  voL  V, 
p.  692. 

$"With  my  merchandise  an<l  tradu  1  went  into  tbe  interior  as  far  as  I  plensod, 
and  travelled  along  fho  comt  40  or  60  leagues.  The  principal  warea  were  cones 
and  oihtsT  piecee  of  sea  snail,  conches  used  for  cutting,  and  fruit  like  a  bean,  of  the 

higbe^*t  vahm  among  thoni,  which  they  nseas  a  medicine,  nndeniploy  in  their  dances 
and  feHtivitit'j*.  Arnoji«;  othrr  ninttcr^  were  sea  bends.  Snrh  were  what  I  carried 
into  tho  interior;  and  in  barter  1  gc»t  and  brought  buckskins,  ochre,  with  which 
they  rnb  and  color  the  fao,  hard  canes  of  which  to  make  arrows,  sinews,  cement, 
Aud  flint  for  the  heads,  and  tassels  of  the  hair  of  deer,  that  by  dyeing  they  make  red. 
Tbi.s  occupation  suited  me  well;  for  tho  travel  allowed  me  liberty  to  go  w hero  I 
wislHML  I  wns  not  oblio*  (l  to  work,  and  was  not  treated  as  a  h1;ivo.  Wherever  I 
went  I  rrrciv  ud  fair  iieatment,  and  tlie  In<liiins  gave  me  to  eat  out  of  regartl  to  my 
comuioditie-s."  Relation  of  Cabeyu  de  Vaca,  trau^^lated  by  Buckingham  Smith,  pp. 
86, et  teq.:  New  York,  1871. 

I  Memoirs  of  tht-  8ieur  de  Tonti,  in  HUt.  Cotl.  of  Louhianaf  p.  64. 

51  Narratives  of  FathJTH  Mar<|nette  and  Momlire,  in  Dimorvry  and  I\x])l oration  of 
the  Miftf^iaaippi ,  pjv.  Jl^.  IfiO,  177.  >ffm"ir  of  Toiiti.  ;iiid  .(ontel's  Journal,  both  in 
Coll.  of  LoutHuinu,  j>art  l,  pp.  (m,  151.  Iki'S,  etc.  Tho  latter  author  iu 
Margry,  vol.  iii;  p.  462,  Paris,  tells  ns  that  the  Kajipas  had  a  field  a  league  in  length 
by  1^  in  width. 

••Tonti,  J.  c,  p.  01. 

ttNarrative  of  Father  Membr^^,  /.  r.,  p.  169. 

it  Ibid.,  p.  172.      Nothing  barbarous  but  the  u.ame.*'    Narrative  of  Father  Douay, 
in  IMsoorery  and  Exploration  of  the  MitviHsippi,  p.  203. 
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tells  as  that  there  was  but  little  diflEerence  in  the  reUgioiiy  maimen^ 
dothiD^,  and  houses  of  the  nations  inhabiting  this  region,*  it  seems 
fair  to  conclude  that  the  others  were  not  behind  the  favored  few  in  aU 
that  contributed  to  the  physical  comfort  and  well-being  of  a  people. 
Their  men  cleared  the  ground^  and  aided  in  the  work  of  the  fields  ;t 
and  among  the  Tensas,  they  IumI  so  far  anticipated  modern  methods, 
that  in  one  clearing,"  called  by  them  <Hhe  field  of  the  spirit,"  they 
are  said  to  have  worked  to  the  music  of  the  drum.j:  The  labor  of  the 
fields  was  done  in  common,  though  each  fieimily  bad  its  own  particular 
plot  of  ground.  §  The  harvest  was  gathcriMl  se]>arately  by  each  fisunily, 
and  was  8tored  in  magazines,  or  in  large  baskets  made  of  Cime,  or  in 
gonrds  as  large  as  half  barrels.  i|  In  other  respects,  too,  individual 
rights  seem  to  hiwe.  been  respected.^]  Slavery  existed  among  the  Tensas 
and  other  tribes  wlio  are  said  to  have  had  the  same  cnstoms.*^  Tbey 
had  more  or  less  traffic  with  other  tribes,  especially  in  bows,  in  the 
manafiM;tiii  o  of  which  the  Caddoes  are  smd  to  have  excelled. ft 

Ascending  the  Mississippi,  we  find  among  the  Algonquin  tribes  of 
the  Northwest  a  condition  of  affairs  veiy  similar  to  that  which  has  been 
described  as  existing  among  tlieir  kindred  and  neighbors  to  the  eiist- 
ward.  At  tlie  date  of  tlio  arrival  of  the  French,  say  in  the  begiunitig 
of  the  last  quarter  of  tin'  soA  eiitrcnth  ceTitin  y,  the  Minmis,  IvickapooSj 
Winnebaj^oes,  Outa^^'ainis  nr  Foxi  s,  auri  other  tribes,  were  livin;:?  in 
WisroTisin  and  the  Horflicrn  i)art  of  Illinois. ft  wliilst  all  soutli  of  tliat, 
extendmu:  as  far  as  tiie  mouth  of  the  Ohio,  was  held  by  the  Illinois  and 
their  allies,  among  whom  weie  a  few  villaires  of  Shawnees.  These  lat- 
ter came  later,  having  t  sial)lislKMl  tlicinsclves  In-re  upon  the  invitation 
of  La  Salle,  §^  tlioimh  the  home  of  their  tribe  is  said  to  hav<*  be«'!!.  at 
this  time,  some  thirty  days' journey  to  the  east-southeast,  iu  what  is 

*Joiito1,  Jaumalf  I.     pp.  151»  152.  Tonti,  I.     pp.  63,  SS. 

tToiiti  an«l  Joiitel,  7.       pj*.  (J3-I49.    Father  Giavier,  in  Shea's  Karly  Vo  if  a  get.  p. 
:  Albany,  1S61.    '*Mea  amoog  Tonicas  employed  solely  on  their  field*/'  St, 

C'nsiiH',  /.  r.y  p.  81. 

j'i  tuiti,  I.  c,  p.  62.  Adair,  I.  p.  407,  speaking  of  the  Creeks,  n^ya  that  Mnnv- 
times  ttrhen  at  work  in  the  fields,  **  one  of  their  orators  ehcers  them  with  jesta  and 
lintiioniuH  old  tales,  and  hiii^h  Heveral  of  their  most  agreeable  wild  tunes,  h€mtin|r 

also  wifli  .1  stiolc  in  Jiis  right  haml  on  tlio  tn|)  of  an  c«artlien  pot  covered  with  a  wet 
and  weli-stretcheU  deentkiu.''  Compare  also  LawBou,  Carolina,  p.  175:  London. 
1718. 

^  Jontel,  Jimmalj  I.  c,  p.  149.   CbarloToiz,  Kouvelh  Dranee,  vol.  iii,  pp.  21, 22. 
II  Memoir  of  the  8ieiir  de  Tonti,  2.  e.,  p.  6t.  XmrrnHve  of  Father  Marquette,  p.  48. 

^  In  their  eottaii^es  "they  have  nothing  in  conunon  besides  the  fire."   Jontel,p.  I4S. 

"  Xanatirc  of  Father  Meiubr<^,  pp.  171-182.  In  his  Mfnuiir,  Tonti.  p.  fit.  ppenk'i  nf 
the  ••  maitre  d'botel "  to  the  chief  of  the  Tensas.  See  aim  Joutcl,  Joumalf  p.  IW, 
and  La  Harpe  in  BUt.  Coll.  of  Zouificna,  ]iart  in,  p.  68. 

ttTonti,  p.  73. 

tiNarmiirr  of  Father  Marqnetti',  pi>.  13-22. 

Memoir  of  Tonti,  p.  66.  Aarratm  of  Futher  Membr^,  {.  o.,  p.  168^ 
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now  known  as  the  State  of  Kentucky,*  where  they  seem  to  have  taken 
refuge  after  their  expulsion  ftom  the  region  aonth  of  the  lakes  by  the 
Iriqnois.t  Among  all  these  nations  com  was  cnltivated  in  qnantities, 
and  was  preserred  in  caelies.}  The  field  work  seems  to  haye  been  left  * 
to  the  women§  and  slaves.  There  was  also  a  class  of  boys  or  men  who 
were  employed  only  in  women's  work,  and  who  did  not  take  part  either 
in  war  or  hunting.  It  is  ])ossible  that  they  were  simply  captives  or 
slaves,  though  npon  this  point  the  evidence  is  oonflioting.  ||  It  is  eer- 

*  Life  of  FatbtT  Marqiii'ttc,  p.  50,  inul  'ilHo  p,  41  of  liis  \<ni<itin\  1)ot1i  in  Shea's 
J>t&(  Oiery  and  KxpUtration  of  the  Miii/ii«iiijipi.  In  the  oltl  maps,  the  Cniuhurluud  U 
put  duwu  08  tho  river  of  the  GhaoaanonB. 

tColden  (Five  JTaltojM,  f»p.  23  anil  25:  London,  1767)  says  tho  ShawnOM,  or,  as  h« 
calls  tbom,  the  Satanas,  foimcrly  lived  on  the  banks  of  tho  lakes,  and  that  they 
■were  the  first  pi'djde  again^st  whotu  the  Five  Nations  tnmsd  their  anns,  after  tlieir 
deff»nt  ntid  I'xpiil.sinn  from  tlic  rt'^iinn  nonr  Moutroal  l>y  tlio  Adiroudacks.  There  is 
roatMUi  to  bcdiuve  that  this  took  place  in  the  bitter  part  of  the  Hixteeuth  ceutury. 

t  "The  soil  is  good,  producing  mnch  eora/' p.  14.  -  -  -  ''They  live  -  -  -  on 
Indian  com,  of  which  they  always  gather  a  good  crop,  so  that  they  have  never  snf- 
fered  by  famine,"  p.  33  of  Xarratire  of  Marquette.  **They  live  ou  Indian  corn  and 
other  fruits  of  tho  earth,  which  they  rnltivate  on  the  prairies  like  other  Indians:" 
Narrative  of  Father  AlUmez,  p.  75.  ''  The  richness  of  their  rouutry  gives  them  tieltUt 
everywhere:"  XarraUve  of  Father  Membr6,  p.  151.  AU  those  are  pabliaiied  In  the 
DUooferjf  mid  Es^loraUan  of  the  Mtnierip^  by  John  Qilmary  Shea:  Kew  York,  1852. 
''Thin  is  a  place  of  great  trade  for  skins  and  Indian  Corn,  Tvhieh  tin  sava;;rs  sell  to 
the  C  tnrtmrs  do  Bois:"  La  Hontan,  Foya^stf,  p.  ICS:  Loudon,  1703.  See  also  ilfe- 
moir  of  Tonti,  I.  c,  p.  54. 

^  Jontel,  p.  187.  Kips,  MUaiom,  p.  38.  Father  Marest,  in  uoto  to  p.  25  of  Shea's 
ZNsravsry  tmd  JSepIoratfoa  of  tko  MitHu^^.  There  is  room  however  for  donht 
on  this  point,  as  Charlevoix  {Lcttem^  p.  293:  London,  1703)  speaks  of  the  Illinois  as 
cultivating  tlu-  land  aft«-r  tlifir  fashion  and  as  biMiiLj  \  t'Ty  laliorious;  and  in  Haw- 
kins' {Sketch  of  the  Creek  Country,  p.  3-1,  we  are  told  that  tho  Shawnees."  some  of  ^ 
whoju,  at  that  time,  lived  among  the  Creeks,  ''were  very  industrious,  worked  with 
the  womenf  and  made  plenty  of  oorn." 

II Father  Hembrd^  p.  151*  Marquette,  p.  3A,  says:  "Throngh  what  snperstition  I 
know  not,  some  Illinois  ns  well  as  some  Nadouessi,  while  yet  young,  assume  the 
female  dress,  and  keep  it  al!  their  life.  There  is  snnm  mystery  about  if.  for  they 
uever  marry,  aud  glory  in  debasing  themselves  to  do  all  that  is  done  by  women;  yet 
they  go  to  war,  though  allowed  to  use  only  a  club,  and  not  the  bow  and  arrow,  tho 
peenliar  arm  of  the  men;  they  are  present  at  all  jnggleries  and  solemn  dances  in 
Iftonorofthe  calumet;  they  arr  pcrnutted  to  sing,  but  not  to  dance;  they  attend  tho 
councils,  aTid  nothing  can  lie  <Um  i(l<  <l  withont  fheir  advice;  tinally,  by  the  profes- 
sion of  an  extraordinary  life,  tlicy  p:is.s  for  nuioitous  (that  is,  for  genii)  or  persons 
of  consequence."  Compare  J<>ilituii,  vol.  i,  pp.  52  aud  53,  and  i^vvsou's  Carolina,  p. 
206.  Father  Membr^  h  o.,  Hennepin,  and  La  Hontan  tell  us  that  these  men  were 
reserved  for  an  unnatural  purpose,  which,  according  to  Charlevoix  (Letters,  p.  213) 
and  Long  (Expetlition  to  the  Rocky  Mountains,  vol.  i,  p.  12U:  Philadelphia,  1823), 
may  have  bfen  a  rolifjious  rite  or  the  reHult  of  a  dream.  We  are  told  that  tho  cus- 
tom existed  among  tho  Choctaws,  Dolawares,  aud  also  among  tho  ludians  of  Florida, 
though  it  is  dMiied  by  Lawson,  as  far  as  ^e  tribes  of  the  Garoliuas  are  eoncomed.  It 
is  said  to  prevail  as  a  religious  rite  among  some  of  the  Pueblo  Indians  of  New  Mexico ; 
and  Miss  Alieo  C.  Fletcher  informs  me  that  during  her  rej^ideneo  among  the  tribes  of 
the  Upper  Missoari  she  saw  one  instance  of  a  wan  so  clothed,  and  this  was  caused 
by  a  dream. 
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tain,  however,  that  slayeiy  was  very  eommon  among  theiii)  that  being 
the  vsnal  fateof  capttves  taken  from  distant  nations  in  the  sonth  and 
west,  where  the  Illinois  go  to  carry  off  slaves,  whom  they  make  an 
article  of  trade,  selling  them  at  a  high  price  to  other  nations  for  goods."* 
These  tribes  lived  in  villages,  some  of  which  were  very  large,  and  they 
also  had  forts  or  strongholds  for  defense  in  case^of  neoessitiy.t 

Passing  over  an  interval  of  sixty  or  seventy  years,  and  coming  down 
to  the  middle  of  the  eighteenth  centnry,  we  find  the  Shawnees  and 
Miamis  again  established  in  Ohio  and  Indiana,  in  company  with  the 
Wyandottes,  Delawares,  Pottawatamies,  and  other  tribes.  Jnst  about 
this  time,  too,  the  white  settlers  began  to  push  their  way  across  the 
Alleghany  Mountains  into  the  valley  of  the  Ohio,  and  this  brought  on 
that  long  and  bloody  struggle  between  the  two  races  which  only  ended 
with  the  expulsion  of  the  Indians  from  all  that  territory,  and  their 
establishment  on  reservation.s  west  of  the  MissisHipjii.  Time  and  again 
they  <^dng  np  the  hatc'het^^  in  order  to  Stay  the  tide  of  innnigration, 
and  thougli  for  a  while  they  K])read  terror  all  along  the  Irontier,  yet, 
in  the  end,  tliey  were  always  obliged  to  yield  t<>  the  superior  force  and 
military  skill  and  discipline  of  the  whites.  After  every  such  outbreak 
they  ibund  themselves  weaker  than  before.  In  retaliation  for  the  out- 
rages which  they  nndoubtetUy  committed,  their  country  was  invaded4 
their  villages  burned,  their  crops  destroyed,§  and  as  the  price  of  each 
succeeding  peace*  they  were  obligcil  to  yield  more  or  lefts  of  the  terri« 
tory  tliat  remained  to  them.    This  is  a  sad  chapter  in  our  national  his- 

*yarr«tHve  of  Father  Marqnette,  p.  33.  Memoir  of  the  8i«nr  do  Tonti,  L  c,  pp. 
56-09-71.   "The  Saukie  warriors  geuoratlx  employed  every  snininer  in  making  in- 
enniioiiB  into  tbo  territoriee  of  tlio  Illinois  niul  Pawnoa  iKitions,  fVom  whence  they 
nsturn  \^  ith  .i  frroat  Tjnni1»f>r  of  .slaves.    Ihit  llioso  people  frequently  ret«liaf< 
Carver,  Traiein,  |».  17.    ijev  also  ihitl.,  nml         Loudon,  1781,  and  Heiaiiou 

dc  la  Souvelle  France  <•«  V  anm'e,  1670,  pp.  91  and  97:  Quebec,  1858. 

\ReUUUm  en  P  aaa^,  1670,  pp.  98, 99.  Carrer,  }Vav«ft,  p.  96.  Father  Marest«  in 
note  on  p.  81  of  Diacoverg  and  Erplorafion  of  (he  MiBtinnppi.   Xarratire  of  Father 
AI1ou<v.  in  Hniuo,  p.  71,  with  note.    f'harh>voix,  I.etlers,  ]v.  "JSl :  London,  1763.  /'rr 
contra.  Katlier  M<-m1»r<-,  p.  ir>2,  :i«*Rprfs  that  "Tonti  tau^iit  tho  IlIinoiH  how  to  (1< 
fend  thnniflolves  hy  pulisadc-H,"  tliough  he  hiuiHolf  makes  no  8uuh  claim.    The  state-  i 
ment  in  iiuprobAble.  ' 

f  Bowman's  Ej-paditUm  to  Mad  Biver  in  1779,  Clark's  in  1780  and '82,  Lo(^n*»  in 
178(>  to  tho  head  waters  of  the  Hi;;  Miami,  mid  Todd*rt  in  1788  into  the  Soioto  V»Uey, 
wore  rliiplly  diroftrd  apiiiiKt  th<»  i^hrnvaiioes : "  Drake,  Tiff  of  Trrnmsfh .  ]».  27. 
Detiidc.H  tliOHo,  tliero  were  other  anil  more  formidable  invasions,  some  of  whirh,  like 
that  of  St.  Clair,  a.  n,  1791,  residted  dlsaatronsly  to  idt»  whites;  whilst  those  of 
Wayne,  1794,  an<l  Harrison,  1811,  were  among  the  moat  encoeeafnl,  iuaamneh  as  in 
them,  not  only  vv<  )  «>  t)io  cnrnfiehls  and  villages  of  the  Indiana  destroyed,  bnt  their 
pOWiT  was  hn]M>lr>-.I y  shatf iTfil  1»y  ib  fr'rit. 

^*'ln  1780,  2»M>  acrt'H  of  corn  were  ilestroyeil  at  Piqna:  LiJ'e  of  Tttumwh,  p.  2fl. 
In  1790,  several  villages  and  20,000  liushels  of  com  destroyed  at  the  Miami  viUa^fw*  \ 
on  tbe  head  waters  of  the  Manmee:"  Onr  Indian  Wardt,  by  Oeorga  W.  Hanypenay: 
Cinoinnat  i,  1^80.    In  1791,     100  to  300  aeres  of  com,  chieiiy  in  the  milk,'*  dMtreyed 
on  the  Wabash:  Bntler,  JCeafaciY,  p.  198:  LooisTille,  1834, 
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tory,  and  yet  perhaps  more  than  any  other,  it  justifies  the  statennent 
that  the  Indian  had  made  great  advance  in  the  scale  of  civilization. 
Instead  of  being  the  wandering  barbarian  that  he  is  minted,  without 
fixed  home,  or  any  means  of  snbsistence  save  that  furnished  by  the 
chase,  it  presents  him  to  ns  in  the  light  of  a  snccessAil  farmer — a 
worthy  rival,  in  this  respect,  to  his  white  neighbor-^flghting  desperately 
a  losing  battle  in  defense  of  all  he  held  most  dear.  Upon  this  point 
Gen,  Wayne  is  certainly  competent  authority.  Writing  from  Grand 
Ghuse,  A.  B,  1794,  jnst  after  the  battle  of  the  Manmee,  and  before  the 
work  of  destruction  had  been  began,  he  usee  the  following  emphatic 
language :  On  the  margins  of  these  beautiful  ri  vers^  the  Miamis  of  the 
Lake  and  the  Au  Glaize,  appear  like  one  continued  village  ibr  a  num- 
ber of  miles,  both  above  and  below  this  place;  nor  have  I  ever  befi>re 
belield  such  immense  fields  of  com  in  any  part  of  America  ftom  Canada 
to  Florida.* 

Tliis  brings  us  around  to  the  poiut  from  wliieh  we  started,  and  geo- 
graphically speaking,  completes  the  circuit.  In  the  course  of  the  iu- 
vestigation,  it  will  be  observed  that  I  have  taken  nothing  for  granted, 
but  have  endeavored  to  substantiate  every  assertion  by  a  reference  to 
uudoubted  sources,  retaining  as  far  as  i>ossible  the  very  languaj^e  of 
the  authors.  These  i  itations  might  have  been  multiplied  indefinitely, 
but  it  is  believed  that  enough  have  been  given  to  show : 

(1)  That  the  red  Indians  of  the  Mississippi  Valloy  lived  in  fixed  vil- 
lajrt^s,  which  they  were  in  the  haVnt  of  fortifying  by  palisades. 

(2)  That  they  raised  corn  in  large  quantities,  and  stored  it  in  caches 
and  p'anaries  for  winter  use. 

(3)  That  whilst,  as  a  fact,  the  women,  children,  old  men,  an«l  slaves 
alwiiys  cultivated  the  fields,  yet  the  warriors  cleared  tlie  jrrouTid,  and, 
when  not  engaged  in  war  or  linuting,  aided  in  working  aiul  harvesting 
the  crop,  thou^'h  the  amoniit  of  such  assistance  varied,  being  jn'<^*ater 
among  the  tribes  south  of  the  Ohio,  and  le<is  among  the  Iroquois  or  tSix 
^Nations. 

A  further  examination  of  these  vsame  authorities  will  show  that 
slavery  was  more  or  less  common  among  all  the  tribes  east  of  the  Mis- 
gissiT)pi :  that  the  rights  of  property  were  duly  recognized  and  respected, 
ami  ilmt  there  exist**d  among  them  a  system  of  inter-tribal  traflie,  in 
whicli,  among  other  thin-^s,  corn  and  slaves  weie  bartered  for  skins 
aud  such  other  articles  as  were  needeil. 

U-^TBB  INDIAN  AS  A  WOB8BIPPBR  OF  THB  SUN. 

The  (juestion  of  subsistence  being  thus  (iisj>osed  of,  h  f  us  now  ex- 
amine into  the  form  of  governnu nt  and  tlie  religious  belief  of  the  mod- 
ern Indians,  in  order  to  sec  wbetlier  in  these  ])articu]ars  there  were 
auy  such  difi'ereuees  between  the  state  of  iUfaiis  that  can  be  shown  to 

*<)uota(l  in  Our  InOia*  Wardt,  p.  84:  CinciniMU,  1880. 
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have  prevailed  among  them,  and  that  vhich  is  assamed  to  have  existed 
among  the  moand-builders,  as  would  warrant  the  inference  that  tb^ 
oottld  not  have  erected  these  works.  On  the  part  of  those  who  hold  tliak 
there  were  saeh  fundamental  diiferences,  it  is  contended  that  then  are 
certain  types  of  earth-works  that  were  evidently  designed  for  a  reli- 
gious purpose.  They  are  variously  termed  "  temple**  mounds  and  *<aB-  1 
cred  inclosnresy"*  are  found  sometimes  singly  and  sometimes  united  in  { 
a  more  or  less  complicated  system,  and  are  supposed  to  indicate  thsfe 
the  people  who  built  them  were  devoted  to  the  worship  of  the  sun.t  It 
is  also  asserted  that  the  erection  of  these  works  involved  a  species  j 
and  an  amount  of  labor  to  which  the  Indian  would  not  have  sabmitted4  ' 
and  that  hence  he  did  not  build  them. 
This  is  believed  to  be  a  iair  statement  of  the  argument,  whidiupoo 
.  examination  will  be  found  to  be  fataDy  defective  in  so  to  as  it  as- 
sumes the  very  point  in  dispute.  To  assert  that  the  Indian  would  not 
have  submitted  to  the  labor  requisite  for  the  construction  of  tbese 
mounds  is  virtually  to  beg  the  whole  question.  So  far  is  this  fitMo 
being  true,  that  there  is  probal>ly  no  f;w  t  in  American  archa^oIoKy 
better  authenticated  than  that  the  red  Indian  ha«,  within  the  historic 
epoch,  voluntarily  built  both  mounds  and  earth-works.   This  ut  iis»  lf 
is  a  sufTicieut  answer  to  the  statement  as  to  what  he  would  or  would 
not  have  submitted  to  in  the  way  of  work^  and,  at  the  same  time,  it 
effectually  disposes  of  the  theory  tliat  only  despotic  governments  could 
have  controllefl  the  amount  of  labor  necessary  to  the  erection  of  these 
works,  since  the  form  of  government  existing  everywhere  thnm^hout 
the  valley  of  the  Mississix)i>i  at  the  date  of  the  arrival  of  the  whites, 
except,  perhaps,  among  the  Nat<  hez  Indians,§  was  as  ftir  removed  as 
possible  from  anything  that  savored  of  despotism.    Of  course  it  is  not 

'Sqnier,  Jneimt  MonvmemU  of  ihc  Mi»»i$Hppi  VaUeg,  chapton  iii  and  vii:  Wash' 
ington,  im, 

tFcwter,  PniiUtoric  Jiace^  vf  the  Vnittd  .S/a/w,  p.  1!^2:  t'hioago,  1873.  Short,  y'ortk 
AiMricanti  of  Antiquity,  \t.  100:  New  York,  1880.  Coiianr.  Footprint*  of  J'anhhrd 
Itaeeg,  pp.  38  and  60:  St.  Louis,  187!K  McLean,  The  MuuNd-Huildm'ii,  p.  126:  Cinrin- 
natif  1879.  Squier.  /.  c,  p.  49.  Schoolcraft,  Indian  JHhe*  of  the  UnUei  Stmtn,  vol.  v. 
pp.  29  and  61.  C.  C.  Jones,  AntiquiUoo  of  lAe  Swikom  InSianOf  p.  S2 :  Mew  York,  lO.  | 

tFoatt  i  .  PrehUionc  J!<tn  H  of  the  United  Sfatr.,  j..  319:  Chicago,  1878. 

fi  In  tlu'  o:ii  ly  nccounts,  tht;  HnHhuba  <if  Ni  w  I  ji^laiid.  the  Womwaiu-e  of  Virfrinis, 
the  i'arai  onssi  of  Florida,  not  less  thaa  tht  (irt  al  .Sun  of  the  Nat<-hez,  are  all  rep- 
ic8cutcd  as  ah«olut«  rulers,  thou;;h,  to  auyoue  who  will  take  the  trouble  to  read 
t»etweeii  the  lines,  ft  is  evidont  that  these  were  simply  other  names  for  the  ofllee  of 
chief  or  Hachem,  and  that  the  authority  of  theHe  rulers  did  not  extend  auy  farther 
than  ihcir  powor  to  persuade.  Even  Du  Pratz  ( w  hose  aceouut  of  the  civil  polity  of 
the  Natchez  is  iiinst  highly  colored)  virtually  a<lmitH.  vol.  ii,  book  IV.  section  7, 
that  the  war-uiakmg  power  in  that  uatioa  was  vested  in  a  council  of  old  men,  aud 
tliat  when  war  was  once  declared,  the  war  chief  and  not  tiie  Gnat  Son  led  tlie 
party,  which  was  composed  entirely  of  volnnteezs.  Under  ctlffereot  names  we  have 
here  the  Mieco  and  Tns-tun-nu^-n1-<j;oe  of  the  Creeks  and  the  sachem  and  war  chief 
of  the  lroc|uois,  with  no  more  despotism  or  nMmarohy  in  one  case  than  in  either  of 
the  others. 
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asaerted  tbat  these  works  were  iia  lurgu  or  complicated  as  the  i'aiiumd 
system  on  the  Scioto;  nor  is  it  essential  to  my  argument  that  they 
should  have  been  intended  for  the  same  purimsej  but  that  the  two  were 
identical  in  kind  is  believed  to  be  beyond  dispute^  as  is  also  the  addi^ 
tioual  fact  that  among  those  known  to  have  been  erected  by  the  mod- 
ern Indians  there  are  those  that  aie  on  snch  a  scale  of  niagTiitude  as 
to  prove,  beyond  ilonbt,  that  when  the  motive  was  sufficient  the  Indian 
did  not  hesitate  to  perform,  voluntarily  and  for  an  indelinite  length  of 
time,  the  same  sort  of  manual  labor  its  that  which  was  necessary  for 
the  constnK'tioii  of  the  inore  complicated  series  of  works.  ITpon  this 
point  the  evidence  is  very  clear;  and  as  there  was  ]>ractically  no  limit 
to  the  time  within  which  tliese  works  must  have  been  tinished,  it  fol- 
lows that  their  erection  by  a  peoj)le  livinc:  nnder  the  same  conditions 
as  the  Indians  must  siniply  have  resolved  itself  into  a  question  of  the 
power  and  i)ermanence  of  the  motive  that  impelh'd  them  to  tlu'  under- 
taking. Clearly,  if  a  regard  for  the  dead,  or  the  necessity  for  self- 
protection,  could  lead  the  people  of  a  single  village  to  ereet,  in  one 
case  a  burial  mound  and  in  the  other  a  breastwork  or  fort,  there  can 
be  no  reason  why  a  motive  that  affected  a  whole  tribe  and  continued 
to  inHueuce  successive  generations  might  not  have  led  to  works  as 
much  greater  than  these  as  the  one  motive  is  more  general  and  perma- 
nent than  the  other.  Cologne  cathedral  is,  to  s*>me  extent,  a  case  in 
l)oint.  That  building  was  begun  some  five  hundred  years  ago,  at  a 
time  when  the  religious  tceling  of  the  ]>eoplc  of  that  country  was  wont 
to  mauife.st  itself  in  such  outward  marks  of  devotion,  and  though  the 
work  has  dragged  as  the  ages  rolled  on  and  opinions  changed,  yet  the 
very  same  motive  or  motives  that  led  to  its  commencement,  jvcting 
upon  succeeding  generations,  have  resulted  at  last  in  the  completiou 
of  that  superb  stmctare.  This  being  admitted,  and  I  do  not  see  how 
it  can  well  be  denied,  there  only  remains  fi>r  me  to  prove  the  existence 
of  some  adequate  motive  among  the  Indians  in  order  to  justify  the  con- 
clusion that  they  could  have  built  these  works,  even  those  of  the  largest 
size  and  most  complicated  pattern. 

Under  ordinary  circumstances  this  is  a  task  that  I  should  hardly 
venture  to  undertake.  To  attempt  to  point  out  the  motive  that  led  the 
people  of  a  village  or  a  tribe  to  execute  a  certain  piece  of  work,  requir- 
ing the  united  labor  of  a  large  number  of  persons  for  an  indefinite  time, 
especially  when  the  purpose  or  end  for  which  that  work  was  intended 
is  itself  a  matter  of  grave  doubt,  seems  like  a  hopeless  undertaking; 
and  yet,  with  all  due  deference  be  it  spoken,  this  is  precisely  what  the 
advocates  of  the  mound-builder  theory  have  done,  and  in  so  doing  they 
have  marked  out  the  course  that  this  investigation  must  follow. 

Reasoning  from  analogy— an  uncertain  guide,  at  best,  in  matters 
scientific— they  not  onl;^  tell  us  that  a  certain  class  of  these  works  were 
designed  for  a  religions  purpose,  but  they  assert  that  they  were  built 
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by  a  people  who  worshiixMl  the  sun;  and  they  even  go  »o  fur  n»  to  \m 
tins  as  an  argmneut  why  they  eould  not  have  1>een  erected  by  the  n-d 
Indian.  That  some  of  these  works  wr  i c,  in  some  way,  connecte<l  with 
this  cult  is  extremely  ynobalHe ;  at  all  events,  in  view  of  the  plausible 
explanation  it  gives  of  their  oi  ijxin,  the  statement  is  admitted  to  be  true; 
l)nt  to  assume  that  this  furnishes  a  sound  basis  for  the  next  step  iu  the 
argument,  and  authorizes  the  inference  tliat  the  rod  Indian  could  not 
have  built  tliein.  is  without  warrant,  either  in  laet  or  loiric.  Indeed,  so 
far  is  it  from  l)eing  an  argument  in  favor  of  this  theory,  that  it  is  be- 
liev<Hl  to  tell,  with  di.siistrous  etleet,  against  it,  since  it  can  be  shown, 
on  uiMloiibtctl  authority,  that  everyw  here  in  the  Viilley  east  of  the  Mis- 
sissippi the  Indian  was  a  sun-worshipjK  r.*  and  thus,  of  course,  he  an*I 
the  monnd-buildei'  must  have  had  the  sanu^  i  cli^xious  cult,  cvenacconl- 
ing  to  the  admissions  of  those  wh«»  Imld  that  the  two  belonged  to  ditier- 
ent  races  and  represented  ditVen  nt  i>liat>cs  of  civilization.  This  \mn^ 
the  case,  ami  it  being  fin  i  lu  i  atiniitted  that  it  was  this  cult  that  U'd  tlie 
mound  buihlers  to  erect  \\  ()rks  like  the  so-call^i  sacrcil  ijielusurei*  ul 
southern  Ohio,  it  must  follow  that  there  can  be  no  reasou  why  the  same 
cult  should  not  have  produced,  among  the  ludiajis,  precisely  similar  ^ 
results. 

To  the  argument  when  stated  iu  this  fashion,  the  only  answer  logically 
possible  IS  a  denial  that  the  Indians  were  sun- worshipers,  all  others 
being  banned  by  the  terms  of  the  statement;  and  as  thijs  is  the  course 
that  the  discussion  must  inevitably  take,  it  behooves  me  to  strengthen 
this  point  as  much  as  x><>saible.  To  tJiis  end  an  appeal  to  the  early 
lecords  again  becomes  necessary,  and  though  it  seems  like  a  waste  of 
time  thus  to  thrash  old  straw,"  yet  the  ft«t  that  recent  writers  on  this 
subject  have  either  entirely  ignored  the  existence  of  sun  worship  among 
the  modern  Indians,  or  else  have  limited  it  to  a  few  tribes,t  is  proof 
positive  of  the  necessity  for  repeating  the  evidence  which  has  led  me 
to  a  control^'  conclusion.  In  doing  this,  however,  the  order  followed  io 
investigating  the  question  of  subsistence  wOI  be  reversed.  Instead  of 
beginning  with  the  Huron  and  Algonquin  families,  as  was  done  in  tliat 

""The  tri1»»-R  nf  tlte  Npw  Worlfl  chose  the  sun  ;i.s  flu*  objiM't  of  their  adoration:" 
liiinton,  2iuU9  on  the  Flori<iian  J'tnitifuia,  p.  126,  Philiulelphiii,  iSoi*.  **  With  almost 
all  th«  aborigiiiM  there  is  proof  -  -  -  of  theformer  vonliipofllieaiiii:'*  Bnd- 
fonl,  Awurka*  AnUquitie$f  p.  181,  New  York,  1841.  <<The  United  States  Indiaos  re- 
uMi  ded  the  sun  as  the  symbol  of  li>;ht,  life,  power,  aud  intelligeuce,  and  deemed  it 
the  impersonation  of  llic  Great  Spirit.  They  sang  hymns  totheeunand  mnd««  <ie?m- 
llections  to  it:"  Schoolcralt,  Indian  Jribm,  vol.  Y,  p.  407,  and  vol.  ui,  pp.  60  and  61. 

The  religions  or  aapcrstitiuus  of  the  ^Vmerican  NaUons  ...  are  only  modiftes* 
tions  of  that  primitive  system  which  has  been  denotninated  ann  or  fire  worship: " 
.S<piier,  Serpent  l^fmhol  in  AmericOt  p.  Ill,  New  York,  1851.    iSee  aUo  Tylor,  /Vfntlfw  i 
('attiire,  vol.  II,  pp.  287  < ( 9$q,,  Boston  reprint  1874.  Nuttall,  Travels  in ArkansaSt P> 

277,  Philadelphia,  1821.  1 
\  Footj^rinte  of  Vanighal  J{aci«,  p.  Ul :  -St.  Louis,  1871). 
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caae,  the  tribes  soatli  of  the  Ohio,  ciilled  by  Sehooloraft  the  Appalach- 
ianB  (though  they  do  not  all  belong  to  the  same  stock  or  &mUy)y.wiU  be 
first  considered.  This  change  is  deemed  advisable  for  the  reason  that 
the  religions  rites  and  observances  of  these  tribes  are  better  known  than 
are  those  of  any  other  nation  iu  the  MisstHsippi  Valley,  and  because, 
further,  it  is  only  by  the  light  of  this  knowlegde  that  it  is  possible  to 
interpret  customs  once  prevalent  elsewhere,  but  which  have  either 
wholly  died  out  or  lost  much  of  their  significance.  As  an  instance  of 
this,  take  the  institution  for  keeping  up  a  perpetual  fire,*  which  seems, 
at  one  time,  to  have  been  wry  general  among  tlie  triben  north  of  the 
Ohio,  but  which  disappeared  soon  after  the  arrival  of  tlie  whites,  though 
we  are  told  that  its  rites  and  duties  were  still  fresh  iu  the  recollection 
of  the  ludians.  Of  itself,  the  fact  that  this  institution  had  once  pre- 
vailed extensively  among  tribes  both  of  the  Hui  on  atid  Algouquin  fam- 
ilies might  not  be  considered  as  settling  detinitely  their  tbrm  of  religion; 
but  if  it  be  takeu  in  coimoction  with  the  very  prominent  part  this  rite 
held  iu  the  religious  observances  of  the  sun-worshiping  tribes  of  the 
Gulf  States,  it  will  be  seen  that  it  forms  an  important  link  in  the  chain 
of  evidence  that  points  to  the  rxistonce  of  one  and  the  same  form  of 
worship  among  these  ditierent  nations.  Other  instances  ol  a  similar 
character  will  donhth'ss  oc<'nr  in  the  course  ol"  this  investigation;  and 
my  object  in  calling  attention,  at  thi.s  time,  to  the  sudden  disappearance, 
over  such  a  wide  area,  <»f  what  jnust  have  been  an  important  religious 
rite,  is  not  so  much  to  jnark  tlie  iflentity  that  once  existed  iu  the  ritual 
of  these  widely  separated  nations,  as  it  is  to  indicate  the  method  that 
it  is  i>roposeil  to  adopt  in  the  treatment  of  this  and  similar  eases.  This 
mode  of  reasoning  is  believed  to  be  perfectly  fair  and  Ji  gitimate,  though 
ol  course  its  efficacy  will  depend  upon  the  estahli.-^hnient  ol  th.  truth 
of  the  propos!ti(m  that  the  southern  ludians  were  sun-worsliipers. 
Fortuuately  this  is  a  matter  about  which  there  can  not  be  much  doubt. 

*  General  Lewis  Cass  in  Notes  to  Saiiillar,  a  poem  1>y  Henry  Whitney :  Hoston,  1831. 
Brintou,  Mtjthaof  the  Kric  World,  p.  I'lO:  New  Vorlc.  1S76.  Schoolciaft,  Address  be- 
fore X.  T.  Historical  Society,  18-16,  quoted  in  Srrixnt  Sijinhol  in  America,  p.  fJ9. 
**  The  general  council  of  the  Five  Nations  was  held  at  onoudaga,  where  there  hu8, 
from  the  beginning,  been  kept  a  fire  eootitnially  burning,  made  of  two  great  logSy 
whose  flames  were  never  extinguished;*'  Golden,  Fite  JValions,  vol.  i,  p.  167:  Loii- 
rtnn.  1747.  This  language  umy  be  metaphorical,  and  the  "fire'*  spoken  of  may  mean 
a  *'  council  fire,"  niut  I  nm  perfectly  Avillinp;  to  admit  that  it  does,  though  Lafltau, 
vol.1,  ]>p.^^tOand  341,  speaking  of  tlio  Iriiiuuin,  tells  us  that  "Les  Hauvages  out 
encore  pi uH  i)erdu  de  lenra  contdmes  dcpu id  ce  teuips-lik;  ils  lo  recouuui»seut  eux- 
mtoies,  et  y  ont  regret;  car  dans  les  malheurs  qai  leur  arrlvent,  ils  disent  qa  'ils  ne 
doivent  \ms  e'en  plaindre^  et  quo  e'eet  nue  panition  poor  avoir  abandonnd  I'uMge  de 
lenis  retzaites,  et  de  leurs  Jeftnes." 
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La  Vega,*  Laudoni^re,  t  and  othersit  some  of  whom  wrote  ia  the 
latter  part  of  the  sixteenth  centary^  bear  witness  to  the  ihct  in  the  most 
unmistakable  language,  and  their  statements  are  confirmed  by  all  tbe 
later  writers.^  To  enumerate  these  latter  would  be  simply  to  call  the 
roll  of  all  who  have  written  upon  tbt»  subject,  and  however  interest- 
ing this  nii|<:ht  be  to  the  speeial  student  in  a  bibliographieal  point  of 
\\('\\\  it  would  soon  become  monotonous  and  '*caviare  to  the  general." 
For  this  reason,  I  shall  continc  myself  to  a  rapid  survey  of  some  of  the 
religious  cust<ims  that  prevailed  among  these  tribes,  and  will  only  luake 
such  use  of  authorities  as  may  be  necessary  to  establish  the  truth  of  the 
propositions  advanced. 

Speaking  in  a  general  way,  then,  it  may  be  said  of  these  nations  tlmt 
among  some  of  them  "the  sun  was  regarded  as  one  of  the  great 
deities;  by  others  it  "was  looked  upon  as  the  syinbo!  or  representative  of 
the  chief  deity,  and  yet  again  by  others  it  was  consideml  as  the 
supreme  deity  hiniscll".** H  As  part  and  pared  of  this  worshi]),  tlu'ie 
were  certain  rites  and  mcmoiiies,  anioni^- which  that  of  keeping  up  a 
perpetual  tire  was  one  of  the  most  strikinjr.  Tliis  tii  c  was  kept  burn- 
ing in  honor  of  the  suii,^  and  was  regarded  as  being  too  sacred  to  be 

*  "Les  peaplM  de  la  Floride  tiennent  le  8oIeil  et  la  Ltine  pour  des  Dlvinitet:" 

MUioire  de  la  conquSit  de  la  Floride,  p.  11 ;  Paris,  1709.    Acrording  to  the 
ni:»ti  nf  Klvns,  1>(*  Sntn,  in  order  to  iri'^ratiate  hiiiisi  lf  with  tlu-  trilM's  t!i!«)ii;:li  \vU*»«e 
doniiiiioiiH  Li*  was  pa»»iiig,  repre«ent<Ml  liitnsidf  hh  bein^  Hchiid  ol  ihe  .siin.       I>ry  up 
the  rivur,"  uuswered  the  Cucique  of  Quigulta,  ''aud  he  wouhl  believe  him:"  Narra- 
tive of  the  Expedition  of  Hernando  de  Soto  in  HUi.  Coll.  of  Louiaiana^  part  ii,  p.  187. 

t  "They  sing  praises  to  the  Hun,  ascribing  unto  htm  the  honor  of  the  viotofy. 
Thev  havo  nf>  knowledge  of  Ooil,  nor  iifaiiy  icli^^iim.  saving:  (hat  whieh  they  see.  as 
the  8uu  and  tlic  Moon:"  Hi?*turv  of  the  llist  artcmitt  ol"  the  French  to  roToni.'f 
Florida,  a.  d.  Iiiti2,  in  Jiisi.  (  oil.  oj'  LoMmoHa,  new  series,  i>p-  171-252,  and  253; 
New  York,  1868. 

tLe  HoynOf  plate  zsxt  and  explanation^  Fnuiekforto  ad  Hoenom,  1691.  See 

plate  in  preface  lo  vol.  \i  of  Herrera's  flixtortf  of  Jmerini,  in  which  the  Indiani 
of  Florida  aro  represented  as  "saerilicing  their  lirst-born  to  the  Sun:"  London,  1740. 
"  Lo«  Apalachites  ailoraieut  le  Holeil  de  ueme  quo  la  piupart  dee  plufi  celebre.s  ]h*u- 
ples  de  VAmerique:"  Kochefort  ^aMn  de*  Anmki$,  p.  412:  Rotterdam,  1665. 
Confirmed  by  Herrera,  pp.  328-355  of  vol.  v,  and  p.  24  of  vol.  vi:  Loudon,  1740L 
"  Le  Soleil  est  en  iiuelquo  fayon  I'nuique  Divinitd  dee  Floridiens,  tons  lenn  Teat' 
ph's  hii  ont  etmsucn'cs Tliai  lovftix,  XonreUc  Franrr,  vol.  i.  p.  41. 

^Consult  .loneH,  AHtufuidtn  uj  the  Southern  /w<it«««,  chapters  i  and  xix:  New 
York,  1873.  Brintou, /'/om/ian  iVninvuZu,  chapter  iii,  section  3:  Philadelphia,  1859. 
Tylor,  Frimitiw  CttUnn^  vol.  it,  p.  287  et  eeq, :  Boeton  reprint,  1874.  Sqnier,  Set' 
pent  St/mbol  in  Annrii-xi.  •  1i ap.  iv:  New  York.  1851.  Anoiemt  ManumemU  ^ the  JfiMW> 
tijifii  VdUdi.  p.  123:  \Vaslnn;,'tnu,  1H18. 

y  1  liis  is  the  elassitieHtion  made  by  Tylor,  iVimi<tiT  l  itHun,  vul.  it.  p.  2^*7.  of  th«* 
beliefs  of  "  the  ruder  tribes"  of  the  northern  eontiueut.  It  seems  luv  tiiat  it  i* 
equally  applicable  to  the  tribes  living  ou  the  lower  Ifiesissippi  and  along  the  Golf 
coast,  and  I  have  adopted  it,  even  thongh  tbose  nations  are  sometimes  eonaidered. 
on  whiit  are  believed  to  bo  insufTit  lent  grounds,  as  occupying  a  somewbat  higliV 
phiee  in  the  nrale  of  civili/Titioii  tliau  their  neighbors  north  of  the  Ohio. 

1i  Charlevoix,  Lettati,  p.  313:  Loudon,  1763. 


Digitized  by  Google 


THE  MOUNDB  Oif  THE  lilSSIfiSIPFI  VALLEY. 


539 


used  for  ordinary  purposes.  It  wjia  fed  with  sticks  or  billets  of  wood 
without  the  bai  k,  phiced  so  as  to  ladiiite  from  a  commou  ctiuter  some- 
what likt)  the  spokes  of  a  wheel,  the  tire  oc-ciipyiiifi^  tlie  c^nt-er  or  Imb. 
It  was  kept  in  buildings  or  temples  erected  for  the  purpose,  in  wkieh 
were  also  preserved  the  bones  of  the  dead  ehieftains,  neatly  done  up  in 
cane  baskets.  Priests  or  guardians  Drere  appointed  to  watch  over  this 
fire,  and  see  that  it  neyer  died  out^  as  its  eztinguisbment  was  thought 
to  forebode  dire  evil  to  the  tribe.*  In  ease  soeh  a  thing  did  happeu, 
either  hy  accident  or  through  carelessness,  the  flreconld  only  be  rekin- 
dled by  brands  taken  from  that  kept  burning  in  the  temple  of  the  Man- 
bilien8.t 

First  among  the  priests  or  guardians  of  the  temple  and  fire  among 
the  Natchez  was  the  chief  of  the  tribe,  or,  as  he  was  called,  the  Great 
Sun.  %  Every  morning  at  sunrise  he  appeared  at  the  door  of  bis  cabin, 
and  tnming  toward  the  east  ^<  he  howled  three  times,''  bowing  down 
to  the  earfii.  Then  a  calumet,  used  only  for  this  purpose,  was  brought 
him,  and  he  smoked,  blowing  the  smoke  of  the  tobacco  first  towards  the 
son  and  then  towards  the  other  three  quarters  of  the  world.  §  He 
acknowledged  no  superior  but  the  sun,  from  which  he  pretended  to 
derive  his  origin.  || 

These  temples  did  not  difler  materially  from  each  other,  nor  from  the 
other  cabins,  espedally  those  of  the  Indian  chiefs.  Thedesoription  which 
the  Sieur  de  Tonti  has  left  us  of  the  one  among  the  Tensas,  visited  by  him 

"Charlevoix  Letler  no.  xxix,  pp.  H  xtq.:  London.  1763.  Dn  Pratz.  Hintory 
of  ix/Kurtami,  vol.  II,  chapter  3,  sections  2  aud  4 :  Loudou,  17t>3.  Memoir  ul' Ton ti  iu 
^Ifff.  Call,  o/  XmMaiiA,  part  i,  p.  61.  Fattier  Le  Petit  in  CoK.  o/  £om««hin«, 
part  m,  note  to  p.  140  «l  m^.  La  Vega,  ConquSte  de  l»  Flariditf  vol.  i,  p.  206  «f  Mq.: 
Paris,  1709.  GenMomaiiof  Elrae  in  HUt.  Colt.  „f  Ln>i\><hnut,  part  ii,  p.  123.  Letter 
of  F-ithpr  <ir:iv'n'r  in  same,  second  sitIcs,  pp.  78  9I  IHIH, 

t  (Jliurlt'voix,  Letters,  p.  323;  London,  1763. 

tDu  Pratz,  Hiatory  of  LouiHana,  voL  11,  p.  212:  London,  1763. 

i  CharloToix,  Xel(«r«,  p.  315.  Father  Le  Petit  In  JETIvl.  Coll.  ZoaMaiwi,  luurt  in, 
note  to  p.  142.  Father  Donay'tt  Narrative  of  La  Salle'^  attempt  to  ascend  the 
Mississippi  in  16*<7;  ]»nl)lisln  (l  in  ."^In-a's  F)if>rnrery  and  Kxplorat'tnn  of  that  river,  p. 
228.  It  waM  in  thia  oxpedittun  tlmt  La  Silll♦^  was  murdered,  and  the  good  fatlier's 
account  relatoa  to  the  tribes  that  were  then  living  in  what  are  now  the  StateH  t»t' 
Texas,  Looisiana,  and  Arkansas.  He  says:  "  The  Snn  is  their  diyinity,  and  they 
offer  it  in  sacrifici*,  the  be«it  of  their  cha^  in  the  chiefn  caliin.  They  pray  fvt  half 
an  honr.  especially  :wt  snnrisc ;  tin  v  si  ml  him  the  first  whiff  of  tlnir  jiipps,  and  then 
send  one  to  each  of  the  four  cui<iin;il  [Miints.''  As  late  as  tiie  bt-^inninpf  of  the 
present  ceofcory,  Nuttall  tells  us  that,  according  to  the  testimony  of  a  (^iiapaw 
chief,  the  **  OMges  smoked  to  God  or  the  son,  and  accompanied  it  by  a  short 
apostrophe :  **  !7hnwl«  isfo  (As  AtluuM9  Tm  Uwg  p.  ti6 ;  Philadelphia,  1821. 

H Charlevoix,  Lrttrrs^,  p.  .'Uo.  Tins  lu  licf  was  not  confined  to  the  Natchez,  as  the 
Hiirons  and  al.><o  the  triln  s  of  tlic  Floiidiuu  Peninsnln  .'tssrTtcd  the  Name  thinj;  of 
their  chiefs.  See  Charlevoi.x,  Ltileraf  p.  314,  fur  the  former,  and  Lalitau,  Moeura 
4t$  Sauvagee  Jmeriquaim,  vol.  i,  pp.  181  and  456  for  the  latter.  Bar  tram,  3V»reI« 
ikrough  Jlorido,  p.  496,  says  that  among  the  Creeks,  "  the  Mieco  seems  the  repre- 
•entative  of  the  Great  Spirit.^' 
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dariDg  tbe  course  of  his  trip  down  the  Mississippi  with  La  Salle,  A.  D. 
1682,  willy  with  but  few  changes,  apply  equally  well  to  all  of  them. 
After  premisiQg  that  these  tribes  ^^have  a  form  of  worship,  and  adore 
the  suOf"*  he  goes  on  to  say  that  the  temple  is  very  like  the  cabin  of 
the  chief,  which  stands  opiM>sitey  except  that  on  top  of  it  there  were 
the  figures  of  three  eagles  which  looked  toward  the  rising  sun.  It  was 
about  40  feet  square,  and  the  walls,  10  feet  high  and  1  foot  thick,  were 
made  of  earth  and  straw  mixed.  The  roof  was  dome-shaped,  and  about 
15  feet  high.  Around  this  temple  were  strong  mud  walls,  in  which  are 
fixed  spikes,  and  on  these  are  placed  the  heads  of  their  enemies,  whom 
they  sacrificed  to  the  sun.  Within  it  there  is  an  altar,  and  at  the  foot 
of  this  altar  tiiree  logs  of  wood  are  placed  on  end,  and  a  fire  Is  keptnp 
day  and  night  by  two  old  priests,  who  are  the  directors  of  their  wor- 
ship.! 

We  are  are  also  told  that,  at  one  time,  these  temples  were  quite  com- 
mon throughont  all  the  vast  regiou  tbeu  kuown  as  Florida,  a  majority 
of  the  tribes  and  even  many  of  the  villages  having  their  own,  and  keep- 
ing lip  in  them  perpetual  fires.  |  (TOograi>hically  speakiug,  they  are 
found  all  the  way  firom  Arkansas  to  the  southern  extremity  of  the  pen- 
insula of  Florida;  and  in  point  of  time  they  cover  the  one  hundred  and 
eighty  years  embraced  between  the  expedition  of  I)e  Soto  and  the  visit 
of  Charlevoix  in  A.  D.  17iil.  §  About  this  time  they  seem  to  have  gone 
somewhat  out  of  fashion,  as  we  are  told  that  the  one  among  the  Natchez 
was  th<'  (nily  one  left;  imd  although  that  is  said  to  have  been  held  in 
•Xreat  ^*^'nel•atioll  "l>y  all  the  savages  which  inhabited  this  vast  <'OTiti 
nent,^  and  the  etcinal  hie  was  still  kept  up,  yet  it  is  evident  from  the 
neglected  and  luiLruarded  condition  in  which  Charlevoix  found  it||  that 
it  had  lo^t  ?mi(  li  of  its  snered  and  distinctive  character.  lnde«»d,  he 
tacitly  admits  as  much,  and  ijrobably  assigns  the  true  cause  when  ho 

*  Memoir  of  Tonti  in  Hitt.  CoU.  of  LtntiHanaf  part  i,  pp.  61  and  S4. 

t Memoir  of  Tonti  iu  7/m/.  ('off,  of  Lou mana, -part  t.  pi'  ?  ^r  /.  Narratirt  of 
La  Salh'n  roftage  down  tin-  MiHsinnippi  hy  Fatfn^r  Mcinl»r^,  j».  171.  Spenkiug  of  t!n'  In- 
diaiiHof  the  lower  Mississippi,  the  worthy  father  snya:  "Wo  remarked  a  paitiruUr 
veuerutiou  they  had  for  the  suu,  which  they  recoguizcd  as  him  who  made  aud  pre* 
served  all."  Compare  this  description  of  the  temple  of  the  Tensas  with  that  of  aimilar 
biiildiii<<:H  among  other  tribes  as  jL;iv(<n  iu  Charlevoix.  JLe<ttT«,pp.  312etseg.,  mod  in  Ij* 
Xtmri  ilr  I'rnttrf,  vol.  Ill,  ]>.  :  Vi\\  Pratz.  Il'intonj  of  I.onhinna,  vol.  11,  chap.  3, 
Hecti«»u»  If  anil  1;  L:i  ^  fija.  pi rntit  it'  partie.  pp.  206  ft  «eg.;  (Gentleman  of  Elvaa  lu 
Hist.  CoU.  of  Loui«tuna,  part  i,  p.  123,  and  Father  Le  Petit,  iu  the  eame,  part  lU.  uotA 
to  pp.  141  et  •eq.  This  latter  author  says  of  the  Natohm:  "The  ran  Is  the  principal 
objeat  of  veneration  to  theat*  people;  as  they  caonot  coDColTe  of  anything  whieh  ean 
l>e  above  this  heavenly  body,  nothing  else  appears  to  them  more  worthy  of  their 
homage." 

{Charlevoix,  Letters, p.  323.    Vu  Vr.Uz,  vol.  li,  pp.  210  and  11.   Father  Le  Petit, 
I.  c,  note  on  p.  144. 

f  La  Vega,  Conqaite  de  la  Ficride^  premiere  partie,  pp.  264  «<  segr.  /M.,  seeonde 

partie,  p.  80:  Paris,  1701).    Oentleniauof  Klvaw,  /.  c,  p.  12:^.    Charlevoix  Xsttir,  no. 
Xxi\  :  London,  170:?.    Du  Praf/,  v<il.  ii,  p.  211:  London,  1763. 
U  Charlevoix,  Lettern,  pp.  313  and  323. 
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ascribes  it  to  J^he  fear  lest  the  Freneh  should  violate  these  last  resting- 
places  of  the  dead,*  as  they  had  done  with  the  temple  of  Onmast  a  few 
years  before. 

Some  twenty-five  years  later,  in  the  time  of  Adair,  who  lived  and 
traded  among  the  Chickasaws,  Greelcs,  and  Choctaws  for  many  years 
subsequent  to  1735,  the  change  was  even  more  perceptible.  It  is  true 
that  the  tribes  constituting  the  Oreeic  or  Muscogee  confederacy  Icept 
up  many  of  the  peculiar  usages  of  the  Natchez,  and  continued  to  vene- 
rate the  sun,  as  they  certainly  did  down  to  a  comparatively  recent 
period  ;t  and  in  describing  their  religious  ceremonies,  Adair  still  speahs 
of  a  "sacred  fire,''  <<holy  places,"  "  synhedria,"  eto.;§  but  it  is  evident 
that  in  so  doing  he  has  been  betrayed  by  his  wild  notions  as  to  the 
identity  of  the  American  Indians  with  the  lost  tribes  of  Israel,  into  the 
adoption  of  a  terminology  that  is  not  warranted  by  tlic  Axcts.  Temples 
such  as  the  one  described  among  the  Tenons,  and  which,  as  we  have 
seen,  were  ouee  common  among  all  the  Floridian  cnbes,  no  longer  ex- 
isted, and  in  their  stead  we  find  the  state  honsi',  rotunda,  hot  house,  or 
simple  council  chamber,  sik  li  as  it  was  known  to  the  (  reelcs  andOhero- 
kees.  In  connection  with  tiie  disappearance  of  the  temples  proper 
among  these  nations,  there  seems  to  have  been  a  corresponding  decrease 
in  tlie  number  and  i)urity  of  their  religious  rites  and  ceremtmies.  Du 
Pratzll  mentions  the  fact,  ascribing  it  to  the  decroase  in  popnlati(m, 
whilst  Adair,!]  mourning  over  wliathe  is  pleased  to  consider  tlu'  religious 
degeneracy  of  the  times,  complaius  that  ''their  i)riinitive  rites  are  so 
corrupted  within  the  s])a<e  oft  lie  last  thirty  years  that,  at  the  same  rate 
of  declension,  tliere  will  not  be  long  a  possibilitj*  of  tracing  their  origin 
but  by  tlieir  dialects  and  war  customs.'"  Kspeeially  is  this  said  to  be 
true  of  the  Cherokees,  .whom  ho  stigmatizes  as  a  uest  of  apostate 
hornets. 

A  few  years  later,  say  during  the  last  quarter  of  the  eighteenth  cen- 
tury, and  the  change  is  c)Miii>icte.  A  teiiij)le  is  no  longer  even  spoken 
of,  though  the  council  lionsc.  which  .seems  to  have  taken  its  ])la<'c  as  the 
scene  of  their  religious  rites  and  festivities,  inlierited  something  ot  its 
sacred  character.  It  was  still  idaced  upon  an  artificial  mound, H  as  it 
had  been  among  theQuapaws  of  Arkansas,tJ  theNatchezof  Loui.siana,§§ 

*(^haTlova5x,  I.ittcnt,  p.  Luinloii.  ITliT. 

f  Latitnu,  J/o^  ^rs  (h  'i  Sttiti<uics  Amfriijuninx,  vol.  i,  p.  IHS;  Pnris,  1724. 

tNuttall,  Traidt  intu  Ihe  ArkuHHa  Ivrritortj,'}^.  211 :  I'bilatli'lpliiii.  1H21. 

$  Aduir,  HhUn-jf  of  tht  Mrlk  American  Indiana,  pp.  30  ftiid98,el««9..'  Lionilon,  1775. 

I  HMory  of  L&MMana,yoh  ii,  p.  210:  London^  1763. 

il  History  of  Xorth  American  fndian$,  pp.  81  and  98. 

*'  Xfirtk  American  Jndianf:.  ]v.  SI. 

tt  Bartram,  TrareU  thrnutjh  Florida,  j*.  367,  ci  neq.:  Philadelphia,  1791.  Sec  also 
MSS.  of  the  same  author  quoted  by  Squiwr  in  8mith$oniau  Comb^iiont  lo  Enowltdffe, 
▼ol.  ir,  pp.  136,  «<  §9q.,  and  Adair,  North  American  Indiantf  p.  421. 

ttLa  Vega,  Conqueteth-  la  FJorhlr,  s.m  oiulo  partio,  p.  89:  Paris,  1708. 
^  Dn  Pratz,  vol.  n,  p.  211 :  Londuu,  1763.   Father  Le  Petit,  in  HUt,  Cell,  of  LoHiti- 
ana,  part  ui,  note  to  p.  140. 
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and  other  Hoathem  tribes;  and  here  the  old  men  of  the  Tillage  were 
aoeastomed  to  meet  every  evening  to  talk  over  public  affiuie;  and  heie 
also  took  place  many  of  their  feasts  and  dances  when  the  weath^  pra- 
dnded  the  use  of  the  open  square  in  fronts*  Women  were  no  longer 
shut  out  from  its  sacred  precincts,  but  were  permitted  under  certam 
conditions  to  take  a  subordinate  part  in  the  ceremonies, except,  perhaps, 
among  the  Creeks^  among  whom,  according  to  Bartram,  it  was  still 
flcenied  an  offense  worthy  of  death  for  ii  woniau  to  enter  thisrotondaf 
He  also  tells  us  that  it  was  within  this  buildiug  that  the  new  fire  was 
kin4]Ied  on  the  occasion  of  the  feast  of  flrst  fruits^and  it  was  here  thats, 
under  guard  of  the  priests,  *'  they  seem  to  keep  up  the  eternal  fire."! 
Tliis  however  had  lost  its  original  f<»m,  and  was  now  spiral  in 
shape.§  Its  sacred  character  too  was  gone,  for  the  houseless  pntipor 
could  now  bask  in  its  warmth  undisturbed  by  priest  or  proi)het;  and 
wlien  the  evening  dance  or  the  council  was  over^  he  might  find  a  night's 
lodging  within  the  precincts  of  the  temple  itself." 

Another  very  interesting  rite  was  that  of  annually  ]>ntting  out  all  the 
fires  of  the  tribe,  and  kindling  them  anew  from  sacred  lire  produced  by 
friction.  This  roremony  took  place  at  the  Feast  of  tlie  Busk  or  offering 
of  first  fruits,  wliieli  seems  to  have  been  very  general  throughout  this 
region.'l  Indeed,  Sdiooicratl  tells  us  that  it  also  ]>revailed  anion the 
Hurou  aud  Algonquin  iamilies  north  of  the  Ohio,  and  that  it  extended 

*  Hawkina,  Sketch  of  the  Cnde  Counttjtf  p.  72.  Adair,  p.  18.  Bartnin,  SWtwb 
tJn  ough  Florida,  pp.  3(>9  aud  .'ilS.   Soboolcrsfti  vol.  V,  p.  266«   Timberlftke,  JfoMrv 

rthitiiiij  to  the  Chernker^,  p.  ^2. 

4  Bat  train,  ({uoted  iu  Smitluonian  LontribHtiont  to  M  note  ledge  f  vol.  ii,  p.  138: 

Wasbiugtoii,  l^^ol. 

tlhid.,  p.  1S8.  "Ilnsoogulf;o8  pay  a  kind  of  bomage  to  the  Snn,  lloon,  and  Plan- 
ets:" Bartram,  MSB.  quoted  iu  Serpent  Symbol^p.  09:  Hew  York,  1851.  "Cherokaes 

jidoro  Son  and  Mo<>n:"  Payne,  MSS.  (|Uotcd  iu  same,  p.  68.  Indians  of  Sonthem 
Stritoft  ap]M'nr  to  have  boou  "  orijrinally  wnrnhipers  of  the  Sun.  The  (  liahta,  w  h^n 
bu  has  greatly  niisbehavod,  utters  these  ejaculations:  when  the  8un  forsaken*  a  tmm 
he  will  do  tbingn  be  never  thought  to  do.  The  Snn  is  turned  against  me,  therefore 
have  I  come  to  this;'*  Pitoblynn,  quoted  by  Buekingbam  Smith  in  Notes  to  bit 
Transhition  of  the  Ruhition  of  Cabe^a  de  Vaca,  ]i.  171:  New  York,  1871. 

^  Hartraiii  MSS.,  t.  c,  p.  13«.  Hawkins,  p.  71.  The  latter  nntlinr  nny^:  **  In  thei 
center  of  tip  looni,  on  a  nmall  rise,  the  tire  is  nmde  of  dry  raii(>  nr  <>M  pine  nlabA. 
split  line,  and  laid  in  a  spiral  circle."  See  also  i..awaon,  Carolina,  p.  38  i  London, 
1718.  In  this  connection  it  la  intereating  to  note  that  the  Abenaqnis,  of  New  Eng- 
land, were  in  the  habit  of  practicing  divination  by  the  manner  in  which  the  fire 
wouhl  "run"  in  a  ''arefully  pr«'pnrfd  ])0\v(1or  tiiade  frnm  i  fdar.  Lafitaii.  vol.  I.  p- 
887,  gives  au  accouut  of  it,  also  tho  argument  by  which  au  Indian  woman  justified 
the  practice. 

H  Hawkins,  8ket^  ef  ihe  Cretk  Ctmntry,  p.  72.  Seboolcraft^  Mkm  7)ribe$  of  the 
Cnited  Sla1e9f  vol.  v,  p.  2€5. 

H  Jontel,  Journal  in  Hist.  Coll.  of  Louisiana,  part  I.  p.  151.  Father  L©  Petit  in 
Batne,  ])art  ni,  nr»te  on  p.  111.  Nuttall,  Trarrh  in  the  ArJcansa  Territory,  p.  96. 
Bnnton,  Maths  of  the  J\V»-  H  orld,  p.  150:  New  York,  1876.  Du  Pratz,  Loumana^ 
vol.  II,  p.  1^.  limeerlake,  Memcin  relating  fo  ike  Ch9rok4»f  p.  66:  London,  176Ki 
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to  tbe  tribes  west  of  the  Mississippi.*  Be  also  adds,  that  in  eveiy  ease 
it  was  attended  with  many  ceremonies,  though  it  does  not  seem  to  have 
been  celebrated  anywhere  north  of  the  Ohio  with  the  same  solemnity 
that  it  was  among  the  nations  that  formerly  inhabited  the  Golf  States,t 
or,  at  all  events,  our  aeooants  of  such  celebrations  are  not  so  Aill  and 
explicit.  Adair,  who  lived  among  these  people  Ibr  many  years,  and 
who,  aside  from  his  notions  about  the  identity  of  the  Indians  with  the 
Israelites,  is  usually  trustworthy,  describes  this  festival  at  great 
leu^th,  as  does  Bartram,  ITawkins,  and  otliorK.f  From  their  accounts 
I  have  made  up  the  followinj?  summary,  wliicli  may  not  be  uninterest- 
ing: When  the  time  for  lioldiuf]^  this  festival  was  flxed«  the  people  of 
the  village  ])ut  their  town  in  order,  prepared  new  eh)thes  ibr  them- 
selves, and  then,  bavin;;  partaken  of  the  black  drink;''§  they  entered 
upon  a  rigorous  fast  of  two  days,  duriug  wliich  they  abstained  from 
the  gratification  of  every  sensual  appetite.  On  the  morning  of  the 
third  day  a  supply  of  old  food  was  brought  to  the  square,  all  vestiges 
of  which  woro  r( moved  before  noon.  As  the  sun  began  to  <le<  line,  the 
li res  were  cxtiiiguislicd  in  every  liut,  ami  universal  sILmum'  n-igned. 
Tlie  chief  j)ri('st  then  took  a  piece  ol"  dry  poplar,  willow,  or  white  oak, 
;in<l  liavin;;:  eul  a  hole so  as  not  to  reach  thnmi^h  it,  he  sharjiened 
another  ]iiece.  and  placing  tliat  within  the  bole,  lie  drilled  it  briskly 
for  seveial  minutes,  till  it  began  to  smoke;  or  by  rubbing  two  pieces 
together  for  about  a  ((uarter  of  an  hour,  by  friction,  he  collected  the 
hidden  fire.**  It  was  tiien  brought  out  of  the  i«  nii>le  in  an  eartiien  dish 
and  i»laeed  upon  an  altar  that  had  beeu  previon.sly  prepared  in  the 
Hquare.  Its  appearance  bronglit  Joy  t<>  the  hearts  of  the  people,  as  it 
was  8upi)osed  to  atone  for  all  past  crimes,  excei)t  Tnnrder,  A  general 
amnesty  was  ])roclainie(l,  except  for  this  one  crime,  and  all  malefatrtors 
might  now  retnrn  to  their  villages  iu  safety.  A  basket  of  new  fruits 
was  then  brought,  and  the  fire-maker  took  some  of  each  kind,  and 
covering  them  with  bear's  grease,  he  oflfered  them  up  as  a  sacrifice  to 
the  holy  spirit  of  fire.  He  likewise  consecrated  the  jdants  from  which 
the  "black  drink''  was  prepared,  by  i)ouring  some  of  the  decoction 
into  the  holy  fire.  The  women  ranged  theniselves  around  the  square, 
when  each  received  a  portion  of  the  new  and  pure  flame,  with  which 
they  kindled  anew  the  household  fires.  Then  they  prepared,  in  the  best 
manner,  the  new  corn  and  fruits,  and  brought  them  to  the  square, 
where  the  people  were  assembled,  apparelled  in  their  new  clothes  and 
decorations.    <*The  men  having  regided  themselves,  the  remainder 

*  yoU'H  on  the  Troqtioit,  p.  8.^,  et  neq.:  New  York,  18-in.  Indian  Tribcn  of  the  United 
Statm,  vol.  Ill,  p.  227.    f'atlin,  2^orth  American  Indians,  vol.  I,  p.  189:  LouUon,  1848. 

t  Schoolcraft,  Indian  Tribes  of  the  United  States,  vol.  v,  p.  104. 

X  Adair,  Bi9iwif  •/  Xwrik  American  IndUin»t  argament  viii.  Bartram,  TVaveb 
throHt/h  Fforida,  pp.609  and  510.  Hawkins,  Skeleh  »f  the  Creek  Coaa^,  PP'^^*  78. 
Be*»  also  Tintn  1^7. 

^  M^df>  from  tbo  Ilvx  Coasino  L,  oallutl  CasHeuu  or  Yoapon. 
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was  carried  off  and  distribated  among  the  familiee  of  the  Tillage.  The 
women  aod  children  solaced  themselves  in  their  separate  families,  and 
in  the  evening  repaired  to  the  public  square,  where  they  danced^  sang, 
and  rejoiced  during  the  whole  night,  observing  a  proper  aodexiMupIary 

(lecM^rnni;  this  thoy  continued  three  days,  and  on  the  four  following 
days  they  received  visits  and  rejoiced  with  their  friends  from  neighbor- 
ing towns,  who  had  all  purified  and  prepared  themselves.'' 

There  were  other  rites  and  ceremonies  connected  with  the  wonhip  of 
these  tribes  that  might  be  Rtudicd  to  advantage;  but  those  reported 
above  were  the  most  inijiortant,  and  will  give  a  very  gooil  ideii  of  the 
ritual  as  developed  among  these  people.  As  has  been  said,  the  rehg- 
ious  cult  seems  to  have  reached  a  hijihcr  level  here  than  it  attained 
elsewhere  in  the  Mississippi  Valley;*  and  hence,  in  comitannjr.  as  wo 
shall  now  do,  their  rights  and  customs  with  those  «>f  tlie  ti  ibes  tliat 
lived  north  of  the  Ohio,  and  belonged  to  the  Huron  and  Algonquin 
families,  we  nmsf  expect  to  find  among  the  latter  a  fall iiv.:  otf  in  the 
forms  am!  ( <  ivnionies,  rude  as  tlicy  umlonbtodly  were,  tiiat  character- 
ized tiie  religious  observances  of  the  tribes  with  which  we  have  been 
dealing. 

Beginning  with  the  tribes  along  the  sontli  Athmtic  coast  we  tiud 
that  temples  existed  as  far  north  as  Virginia,  and  that  tlie  same  reli- 
gious (sustoms  obtained  as  did  among  the  8un-worshii»nig  nations  of 
the  lower  Mississii)pi,t  Luwson,  Capt.  Snnth,and  Beverly  speak  of  these 
t-emph's,  or  qiiioccosan,  as  they  are  called,  as  being  very  sacred,  none 
but  the  king  conjurer  and  a  few  old  men  being  permitted  to  enter  theui.| 

"Tylor,  rrimiiire  Culture,  p.  288.   Boston  nprint,  1874 . 

tAtVr  <leHcril>iii^  tlio  t«^niple  anrl  religious  cnstuuis  of  tlu-  Xat<  liez,  Lnfitan,  vol. 
I.  p.  IfiS,  Pariw,  1724,  says:  "  (^in  lqiu  s  poiiples  dv  h\  Virgiiiic  «-l  tlo  la  Floriilo  «>nt 
iiiie«8i  (its  1 1  uipIcH  ct  a  pcu  pies  lo8  m<"iiK'H  devoirs  do  Kdi^iou."  "  Suuiio,  Moonc, 
ami  Btarro  m  petti«  Gods."  Harriot  in  Haklnyt'e  Voyagcn,  vol,  m,  p.  336:  LoDdon, 
1^10.  "A<Ioro  fire,  trater,  lightning.'*  Capt.  Smith,  Virginiaj  p.  94:  London,  1633. 
**Thoir  religion  consists  of  Htloration  of  tlio  hiiu  and  nioou:"  Cfirolina,  by  Thoiiiii« 
Ash,  p.  30:  LonrloTi.  n»S2.  "  In  the  niornini:.  T»v  lirrnk  of  day.  l.tfoto  tfiev  eat  <ir 
<lrink,  both  men  and  women  and  rhihlren  iliat  be  above  10  years  of  age,  run  into  the 
water,  there  waKh  thenifiel  vob  »  good  vbile,  till  the  ann  riReth,  then  offer  sacrifice  to  it, 
strowing  tobacco  on  the  water  or  land,  honoring  tho  l^n  aa  th«ir  God;  lilcewiao  thcf 
fto  at  the  setting  of  the  nun : "  Observations  in  Virginia  by  George  rerry^  inPorehaS 
niyrimn,  v«»l.  iv,  p.  If^W.  "  Tt  is  n  fjorernll  rule  of'tln-so  people  vben  they  swere  by 
their  Go<l,  vsiiich  i.n  the  ^lumt  .  iii>  ( ;hii»itian  will  keepe  their  Oath  brttfr  npon  this 
promiHO.  These  people  have  a  gieat  revereuco  to  the  Suiiue  above  all  other  things  at 
the  rising  and  setting  of  the  same,  they  sit  downe,  lifting  ap  their  hands  widoyes  to 
the  Sunne,  making  a  ronnd  circle  on  the  ground  with  dried  Tobacco;  then  the/ 
begin  to  pray,  making  many  Ih'vilisb  gestures  witli  a  KelliMh  noise,  foming  at  the 
mouth,"  etc. :  Yftirf..  p.  IflfK):  London.  162r».  "  Th<y  pivo  great  reverence  to  the  Sun : " 
Strachcy,  Historic  of  Travaile  into  Virginia,  in  juiblicatiou  of  the  Ilakluyt  :?ociety, 
p.  93:  London,  18^. 

I  Beverly,  Hhiory  Rr^iala,  part  lit,  p.  28:  IxiDdon,  1705.  Lawson,  CMtoS) 
p.  211:  London,  1718.  Capt.  Smith,  in  rnrchas  lY^su,  vol.  tv,  p.  1701:  Landon* 
162&. 
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•  The  last-uamecl  writer  gaiut'<l  access  to  (lui  iii^  tlie  temporal  yubsenco 
of  the  ;iir,ir{l)aus.  and  fv<m\  the  account  ho  has  left  of  it.  tht  re  cau  not 
have  hvrw  mucli  <lill<  rmce  hetwcM  !!  it  and  siniihir  buildings  amonL^  the 
tribes  bx  iu^  lin  tlier  to  the  soul livvai d.  I[e  tells  us  that  it  was  ii>r(l  as 
a  rei  <')tta('Ie  tor  the  bones  of  tlie  deceased  chieftains,  whi«'h  were  done 
up  in  much  the  same  manner  as  lliey  were  in  tin-  temple  of  theNati^hez. 
It  also  contained  a  human  fi^jure  or  idol,  which  was  variously  termed 
Okee,  Quioccos,  or  Kiwasa;  and  I  mention  this  fact  particularly,  as  it 
is  one  of  the  very  l\^w  instances  indicating  the  existence  of  idolatry 
amoug  the  In<liaiis  of  the  United  States  that  is  entitled  to  any  weijrht, 
thoujrh  there  arc  reasons  why  ev<'n  this  statement  should  be  taken 
with  iuany  grains  of  allowance.  Kound  about  the  house,  at  some  dis- 
tance from  it,  were  set  up  posts  with  fa(!es  carved  on  them  and  painted.* 
According  to  Stnichey,  the  priests  who  had  the  care  of  these  temples 
"mainteyne  a  continuall  tier  in  the  same  npou  a  hearth  somewhat 
ueere  the  east  end."  Hariott  speaks  of  "sacred  fires,''  in  which 
tobacco  was  offered  as  a  sacrificej  and  in  the  plate  which  De  Bry^ 
gives  of  this  temple  a  Are  is  represented  as  baming  on  the  floor.  We 
are  also  told  that  these  tribes  "annually  present  their  first  fimitsof 
every  season  and  kind^  namely  of  birds,  beasts^  fish,  fruits,  plants, 
roots,  and  of  all  other  things  which  they  esteem  either  of  profit  or 
pleasure  to  themselves;  and  that  they  repeat  these  offerings  as  fre* 
quently  sis  they  have  great  successes  in  their  wars,  or  their  fishing, 
•  fowling,  or  hunting.  It  was  also  their  custom  to  offer  sacrifice  upon 
almost  every  occasion.  When  they  travel  or  begin  a  long  journey,  they 
burn  tobacco  instead  of  incense  to  bribe  the  sun  to  send  them  fair 
weather  and  a  prosperous  voyage.  Likewise,  when  they  return  from 
war,  from  hunting,  from  fresh  journeys,  or  the  like,  they  offer  some  pro* 
l^ortion  of  the  spoils  of  their  chiefest  tobacco,  furs,  and  paint,  as  also 
the  fat  and  choice  bits  of  their  game,"!  in  whirh  latter  respect  they  did 
not  differ  from  the  Greeks  and  Ohickasaws.  j| 

As  we  go  towards  the  north  tlie  temples  disappcmr,  although  traces 
of  the  rites  that  were  associated  with  them  remain.  We  are  still 
among  tribes  belonging  to  the  Algoncpiin  family,  and  their  religious 
belief  in  said  to  have  re.sembled  that  of  cognate  tribes  of  other  stocks 

*  Coiupitro  La  Vc^a,  IliHlitirc  di  la  rturiiU-.  pr«  ini<  ro  partic,  p.  2G7  t7  :  Paris, 
170ft.  Charlevoix  TMtrr  no.  xxix:  London.  1763.  Da  Pratz,  Loahianaj  vol.  ix,  p. 
211:  London,  1763.  Father  r..e  Petit,  in  HM.  Volt.  o/Louinanaf  part  in,  noto  to  p. 
Ul. 

t  Virijiiiia.  /.  >-..  \>.  00.    n:iri»if  in  I!  ikliiyt'H  f '  vol.  m,p.;?''*^:  Loiiilon.  ]>^}0. 

I  .idiiuramtn  ^>arrii(to,i}httv  xxii,  l-  raiirklorti  lul  Moriiinii,  I'lUO.  I.{«'vcr]y,  1  iryntia, 
platea  xi  and  xii:  Ijondon,  17(K>. 

^  Beverly,  rirytnut^  Itooik  in,  pp.  i'2  nud  ■!:<.  rapt.  Sinitli.  in  PnrehiM  Pil^rimMf 
vol.  IV.  p.  1702. 

II  Adair,  Ilixlurii  of  thr  \or(h  .linrrh  ni  fui^'^nn".  ]^^.  1  IT-llS.  Hi>  ridiK :  -'I'or- 
nierly  every  huiiO.T  o!is»;i  vr«l  tli«»  s  xma  t<  lic»'»«iH  <  i  oixitay.  but  uow  it  in  prai  ticed 
only  by  thoMo  whu  nre  mu^t  ri-ti'iilivo  of  their  nld  rcligtonjiniysterieR.*' 

H.  Mis.  334,  pt  1  35 
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aud  liueago,''*  "whatever  that  ni;iy  mean.  Aimd  a  liost  of  supernatural 
]»eiiiL's«»r  ^[auifOHS,  and  lillle,  gootl  and  bail,  they  seem  to  have 
H'cu«,'^iii/.('<1  MichaUuu  or  Atahocan,  the  great  hare,  as  the  chitT.^  Ac- 
cording to  Schoolcraft,  tin  y  ••locMtod  him  in  the  .sun  or  muon,  or  in- 
dcliuilc  sUics.  In  their  inclorial  scrolls  tlicy  painlcd  the  .sun  as  a 
man's  head  siiriounded  with  rays,  and  ap|>earcil  to  coTiinuiKi  ilic  sym 
bol  with  the  substance.  They  attiihuted  light  and  litc,  vitality  and 
intelligence,  the  world  over,  alike  lo  Moncdo  and  to  (rezis,  the  sun.'; 

Of  the  religions  rites  of  these  tribes,  our  accounts,  though  not  so 
full  and  explicit  as  anglit  bedcsiic<l,  are  still  suthcicntly  so  to  indicate 
most  1 1»  al  ls  the  existence  of  the  same  form  of  worship  as  liiat  wliicU 
prevailed  among  the  tribes  of  Virginia  and  Florida.  The  Chippewas,§ 
as  we  have  seen,  kept  up  the  eternal  lire  until  comparatively  recent 
times.  They  said  they  had  received  the  institution  from  the  JShawnecSj 
aud  this  is  probable,  as  that  tribe,  although  belonging  linguistically 
to  the  Algonquin  family,  was  moru  or  less  closely  connected  with  the 
Greeks,  Natchez,  and  other  8au-worshi])iiig  tribes  of  the  South,  i|  aud 
mnst  perforce  have  been  familiar  with,  if  not  a  sharer  in,  their  religions 

' ScluHilcrrUt ,  Imliiin  Tiilux,  vol.  \.  ]i.  10'.'.  Uiiiof.  \  i».  iri*>(\  spral^iiii;  <>1"  tbc 
Virj^iuia  liMlians,  says :  *•  They  I>«'li«'vi' in  many  ^ods  and  ni  oiw.  chief  ti<Ml.  >vb«»M 
titcrnul  and  t  ho  creator  of  the  world.  After  this  lie  created  au  order  of  inferior  gods 
to  carry  out  hw  goviTiimcut,  iinioug  whom  wero  tlio  sun,  mooo.  and  stars.  The 
waters  were  tbeu  inailc,  out  of  wUieh  by  tlio  gadseanio  all  living  creatures.  He 
next  created  a  woman,  who,  l»y  the  '  working '  of  one  (►f  the  goils.  hron^ht  forth 
chihlrcit.  nnd  'in  simIi  .s(»rt  they  Lad  their  heirinninir.'  Tliey  thon;i;lU  thn  t^diU ert* 
all  uf  iiuuiuu  Hhape,  and  so  rupresentetl  them  iu  their  temples  wliero  lUey  •  worship, 
aiu'^,  pray,  and  make  many  timc^  oflcring  uuto  tlietu.  Tliey  believed  ia  the  immor- 
tality of  the  soul,  which  was  destiucfl  to  futiim  happiness  iu  lioavcn,  or  to  inhabit 
Poj»ognsso,  a  pit  or  phiee  of  torment:"'  Italvlnyl.  Voiioikh,  vol.  iii,  p.  Londou, 
1S1(».  'I'hin  iir-count  is  «so  evi(!i  iitly  rolnitd  liy  Cliri.stian  idea.**  t1:;it  it  is  alnnist 
worthless  tor  purposes  ol  comparison,  and  tin-  ijauie  may  be  buid  of  Du  Trut/'s  state- 
ment of  the  i-on>;ious  belief  of  the  Natehex,  in  which  tho  interpolations  are  even 
more  marked.  For  obvions  rfasonii,  tho  study  of  the  religious  beliefs  of  tlie  abo* 
rigtucB  is  attended  with  many  dilhcnities.  thon|rh  I  am  inclined  to  think  tliat  Park- 
niarj  is  not  far  wroK-;  when  he  asserts  that''tlie  primitive  Indian  yn  hiin^  hi**  un- 
tutored homaj;e  to  One  .\ll-pcrvadin;;  an<l  Omnipotent  Spirit  is  a  dniam  of  p«>et*, 
rhetoricians,  and  sentimontulibts: "  J««i7»  iu  JSoW/t  America,  jt.  Ixxxix  of  the  pre- 
faee:  Boston,  1867. 

tCharlevoix,  I««er«»  p.  248.   La  Potherie, /it«/ori«  de  V.tMeriqMf  vol.  ii,  p.  3: 

Paris.  IT".:;. 

tSchooleraft,  Indian  iithis,  vol.  v,  p.  -inj. 

^  .See  (ih/c,  foot-uote  ou  p.  5o7.  **  \  esiiges  of  the  fornM-r  inevaleuee  of  fire  w»>niUip 
exist  over  immense  spaees,  and  its  rites  are  found  to  liu  at  the  foundation  of  the 
alMiriginal  religion  throughout  the  geographical  area  of  tlie  Tuited  States.  In  one 
of  the  Indian  traditions  the  preservation  of  a  sacred  fire  is  carried  to  tlie  banks  of 
Lake  Sii]tri  icr :  "  Srhnrdi  i  i  ft .  Ituliati  Tiilicf^.  \«d.  v.  p.  (>i. 

fji  Anhaolof/ia  Jmcru  ana,  vtd.  j,  p.  273.    XAair,  Hiat.  ^orlh  Amtrkun  Imiian*,  p.  410. 
Hawkins,  Sketch  of  lA<  Vrtek^Covmnj,  pj).  16-18.   Lawson,  Coroftifa,  p.  171.  Char< 
levoix,  Nownelle  FirancCf  vol.  I.  p.  40:  Paris,  1744.   Hittor'wul  VoVUcUoMof  /xtsMeaa 
aud  lloridu,  \u  w  sciie.H.  p.  126:  New  York.  1869.   Milfort.  JfsMotrs  «ar  l«  Cmi'i  p* 
Turis,  1602.   «>uhoolcraft,  Indian  Tribe»f  vol.  v,  p.  :i60. 
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observances.  ludeed,  the  *^  ceremony'  of  thankHgiviug  for  th%  Arst 
fniUs  of  tlie  earth,^  as  obwrveil  among  the  Sliawnees,  attended  as  it 
vrm  by  a  general  amnesty  for  all  crimes  except  murder,  and  also  the 
custom  of  '<8ns]ieuding  the  head,  horns,  and  entrails  of  the  animals 
killed  fi>r  the  sacrifice  on  a  large  white  i>ole,  with  a  forked  top,  which 
extends  over  the  house,"  *  are  so  similar  to  tlie  same  rites  iw  practiced, 
resi)ective]y,  among  the  Creeksf  aii<l  tlu*  Iixlians  of  the  Floridian  Pen- 
insulal  as  to  leave  uo  doubt  upon  this  point,  vyn\  it'  we  had  not  posi- 
tive assuraiH  f  from  other  quarters  that  they  h)oked  upon  the  as 
tlie  (lieat  Spirit,  for  the  reason  that  he  '* animates  everHhing,  and 
is,  therefoK'.  clearly  the  master  of  life.^  §  The  Delawaros  were  closely 
connected  with  the  Shawuees,  aixl  appear  to  havo  had  many  of  the 
same  relijjfious  ceremonies.  They  oflered  sacrifices  of  tobacco  to  the 
sun. I'  mid  had  u  festival  in  lionc^r  of  tire,  wliicli  (Liciit.  Whipple,  in 
vol.  Ill,  p.  -0,  of  the  E.rploraiiims  of  a  Iioilroail  1o  the  Vudjic)  -'tliey 
renew  once  a  yoar.^  Tliey  also,  acc(U'din«f  to  Van  i\vv  T)(»Tick,  swore  by 
the  sun,  saying :  'Mhat  lie  sees  all.  They  reirai  d  liim  and  the  moon 
as  bein.ir  better  tliaii  all  tln'  Cliristian  god«>,  for  they  wana  the  earth 
and  cause  tlui  fruits  t*^  urow.*'<! 

Amon^  the  New  l']n,y;land  liidiau.s  the  same  form  of  worship  pre- 
vailed. Ko«;er  AVilliams  and  others  tell  ns  that  tuey  worsliiped  the 
sun  for  a  god,**  and  had  a  festival  at  harvest  time.*f  This  is  (dnlirnied 
by  Cotton  Mather  so  far  as  relates  to  the  worshi]*  of  The  sun  and  moon, 
and  lie  adds  that  they  believe  that  every  reniarkalde  creature  has  a 
]>t;culiar  god  \\  ithin  it  or  about  it.Jt  In  the  t'aiiiotis  Dij^htoii  iu(  k  iiisertp- 
tiou  M  hii  li  stands  ill  the  country  once  held  by  the  Wampanoa^^s  the 
syndxdof  the  snn  wasdisco\ creil  by  Chin^wauk,  the  Alj^onquin  Meda,§§ 
and  iu  this  same  region  lived  the  Karragansetts,  who,  acconling  to 

*  Jrdtoo'o^i'a  Amertcaittay  vol.    p.  286. 

tSee  above,  note     on  pa^e  543;  juhI  Latitan,  vol,  r,  p.  180. 

}L«  Moyiio,  in  l>e  15r\ .  jd.  \xx\ .    Fiain  kforti  a«l  Moonmii.  ir>[M. 

^(-ircgg,  (  ninmrrre  of  thr  I'nih  itit,  \o\.  ii.  ]>.  2.37:  New  ^Oi  k,  1K45. 

l|Lo8kicl,  Jlistorjf  of  the  Mivnion  of  the  Vnitetl  Bn  thrm  ttm<mg  the  Indiana  of  North 
JmerwOf  ftp.  41  aud  4S:  London,  1794. 

if  In  Culln  iionH  Xciv  York  Ht»t.  iSoc.,  new  aeriesy  vol.  I,  pp.  213-14.  Compare  i><ie. 
n\8t.  of  Xr>r  York,  vol.  HI.  p.  22. 

*•  Williams's  h'ni,]>y.  :{!t-77-110,  *•  S(niii- tor  Uieir  (ioil  a<lorf  the  miii  :  "  (iookin,  in 
t'vlt.  Ma»H.  Bint.  6iH:,  tirst  m  i  ii-s,  vol.  i,  p.  K>4.  '*  Duvotiou  to  the  priuciples  of  »mi- 
woiship  -  -  -  8prcadtothepromin«iitpea1csof  theMonadnockandto  tliewaton 
of  tho  Narnigauaett:''  Schoolcraft,  Indian  TVttor,  vol.  p.  104.  *'Il8  croyout  nu 
Dicu,  ce  disent  il»:  niais  il  ne  scaiu  nt  1«  nonniu^r  que  du  nnm  dn  Holril,  -  -  - 
fjiijind  tIs  ft'iit  nt  fu  ue<"<*ssitc',  il  jnenoit  su  rnl^o  s:ut«>«',  «'t  so  toiinintit  \  crn  I'Orirnt 
tlibuil:  ^>o>Ue  >oleil,  on  nostre  Dien  douuc-nouB  a  niaugtT:"  Jteiation  de«  Jt-xiiitn^, 
A.  l>  1611-1522,  vol.  I,  p.  20:  Quebec,  1858.  Indiana  of  Martha's  Vineyard  ^  be^'gi-d 
of  the  aun  and  moon  -  -  -  to  send  them  tlie  deeirwl  favor:"  Mats.  Bitt,  CoU,^ 
lir»t  »eric8,  vol.  i,  p.  140. 

tt  WiHirfMis's  Kill,  ]).  111. 

ttMugualiu,  vol.  I,  p.  bn'-t;  Jlartlonl,  1820. 

a  Schoolcraft,  Indian  Iribeit,  vol.  v,  i>.  64. 
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Winslow,  *'  liad  a  iiieat  spacious  house,  wherein  only  souie  fnw  (that 
are,  as  we  may  term  ihem,  priests)  conu';  thither  at  eertiun  known  times 
resort  all  their  people,  and  ofi'er  all  the  riclies  they  have  to  their  gods, 
as  kettles,  skins,  hatchets,  beads,  knives,  etc.,  all  of  which  are  cast  by 
the  priests  into  a  great  fire  that  they  make  in  the  midst  of  the  homse 
and  there  consnnied  to  ashes.  To  this  offering  every  man  brought 
freely,  and  the  more  he  is  known  to  bring,  hatli  the  better  esteem  of 
an  men.  This  the  other  Indians  about  us  approve  of  as  good,  and 
with  their  sachems  would  appoint  the  like."*  Farther  to  the  east  the 
SouriquoiSy  as  we  are  told  by  Father  Sagard,t  had  the  same  form  of 
worship. 

In  the  Iforthwest,  the  sun  and  thunder  were  the  gods  of  the  tribes 
that  lived  around  Green  Bay,  and  in  all  that  rpgion  out  of  which  were 
sabsequently  formed  the  States  of  Wisconsin  and  Illinois.}  When  the 
Illinois  came  to  meet  Marquette  on  the  occasion  of  liia  voyage — the 
first  ever  made  by  a  white  man — down  that  portion  of  the  Mississippi, 
they  marched  slowly,  lifting  their  pipes  to  the  sun,  as  if  offering  them 
to  him  to  smoke.  They  also  make  a  similar  offering  to  him  when  they 
wish  to  obtain  calm,  or  rain,  or  fair  weather.§  Among  the  Ottawas,  of 
Michigan,  prayers  were  dflered  to  tlic  sun,  and  tobacco  was  bunied  as 
a  sacrifice  to  the  same  deity.jl    Indeed,  the  use  of  tobacco  as  an  ofiering 

*  PnTchas  PUsrimk^  vol.      p.  1868:  London,  1625. 

i  F<f!fage$  da  Huron*^  p.  226:  Farm,  1632.  **  Soleil  qui  ilH  out  aAor^  et  qni  a  toii« 
Jonrs  ot<^  r  ohjrct  tMuistiint  ile  Icur  rnlte,  cle  leurei  lioiiuiuigos  vt  <le  Irnr  adonitimi 
XoureUe  Jlelathni  de  la  (Juhim'sic,  ji.  16(»:  Piui;*,  WJ}.  •  lis  appL'ltt'iit  1«  Solril 
Je8U«.  -  -  -  Do  l;i  vicnt  (pit;  qiiaiul  noun  I'aisoiiM  iu»s  priorc  il  It-ur  seiiiUle  iiiic 
couiiue  eux  nous  addressuus  uo»  prihra  nu  Holeil:'*  RelaiUm  de  la  XoHvelle  Fmntr 
m  V  ttnn4e  1626,  p.  4:  Qaebeo,  1868. 

^Father  Marqitotto.  in  Relation,  1670,  p.  90.  Charlevoix,  Lettera.  p.  210:  lx>ii- 
dou,  1763.  ''Some  of  the  BaviiyL'S  will  coiiffSH  -  -  that  th»^  Sun  is  Gfid  : "  Heu- 
nepin,  Vntfa*je  itifn  n  \t>rhf  h't^covcrrd  Country,  p.  (m:  London,  I6<Ht<.  Father  Mar* 
quetto,  in  lHacortrij  and  Ksploratiun of  the  MinxiHHijijii,  p.  .Yi. 

$  Belalion  of  Father  Marquette  (a.  d.  1678),  I.  < . ,  pp .  21*3S-3r> :  New  York,  V6Si2.  Tlw 
Sionx,  though  belonging  to  a  different  lingnltttic  family,  and  living  on  the  other  aide  of 
the  Mississippi,  had  gimilar  custon»8.  Aci  ordingto  Heniuq»iii,  who  is  not  always  «ood 
authority,  Init  who  nuiy.  I  think,  hv  f(»lh)wed  in  this  instani-o.  *'  they  otTtT  nlso  to 
the  ISuu  the  heat  Part  of  the  Beast  they  kill;  -  -  -  also  the  ttrat  .Sinoak  of  their 
Calumets,  -  -  -  wMehmakeamebelieTotheybaiVett  religions  veneration  for  the 
Sun:"  New  Ditcovtmd  Counirify  etc.,  yol.  i,  p.  1<I0:  l«ondou,  16W.  Coiu|i«i«  on 
this  poiut  Schooh  iaft.  Indian  Tribes^  vol.  Ill,  pp.  226-7,  and  Nuttall,  Jrka»$a  Trr^ 
ritory.  p.  2TG:  riiil.i.lflpliin.  I-SlM. 

BUn  viellarddes  plus  considfiahles  do  hi  Hi>iir;;;»de  fait  Ibuctiou  do  I'ntr**;  ilroiu- 
mence  par  uue  Harangue  etudi<^e  qu'il  uddrcsse  uu  8<dcil;  -  -  -  il  dt  olare  toot 
haiit  qn  'il  fait  aea  remerciouicuH  h  cet  aatre,  de  ce  qu  'iltf  a^ctairr  pour  taer  hetiieneiv 
nicut  fpu'lquc  hete :  il  1<>  pri»-  ♦  t  I'  e\horte  par ee feetiti a Ini  conthiucr lee soina  cUarita- 
hles  qu  *il  ado  sa  famillf  IN  inl mt  ct  f  Ir  invnca<i«»n,  imis  h-N  t  oiivios  nian;;«  iir  .iTisnti" 
an  <k*niier  uiorreaii :  apn  s  im«ir  un  Itninnir  d«'sl  in)'*  ri  1 1  ?:i  prnid  un  pnin  «1i  rctiin. 
roiiipt  cn  deux  t*t  lo  jctJe  d:ins  Ir  fcii.  Tout  h*  utotHh-  t  ri»^  pendant  quo  h*  pt  tuu  b«» 
fcmmtttie,  et  (|U4>  In  l\mi4H»  ntonlo  eii  Imnt :  et  .nvfr  o-h  rliinMnm  terniiue  le  sacriAce:" 
Lafitan,  vol.  ii,  p.  \M.  "S;!.  i  iii<  r  u,  tho  Sim:*'  La  Houtan,  vol.  ii,p.  32.  BeMi^m 
ea  r  annve  tt{67f  pp.  7,  II;  (/uehee,  ll<o8. 
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seeniH  to  lirtVi'  \mm  imiversiil  amou^^  tiic  AiiHM  irau  Indiana.  Chaxle- 
voix*  and  Lafltaaf  hoth  Hpeak  ol'  t  he  praetict^  as  bciii^^  «>:eiu'rul,  hihI 
their  statemeiitH  arc%  coiifinncKl  by  writers  wIk>  have  left  us  accouuts  of 
the  rite8  and  oerenionioK  an  practiced  by  the  diff(M*i*iit  tribeii.  Thas 
Hariot^  who  -wrote  in  the  latter  part  of  the  Hixteentli  century,  tells  v» 
that  this  plant  was  Iield  in  sach  esteem  by  the  Indians  of  Virginia  that 
they  imagined  that  their  gods  wera  pleased  when  it  waa  offered  to 
them.  It  was  for  this  reason  that  from  time  to  time  they  bailt  sacied 
fires,  on  which  they  bnrued  this  plant  as  a  sacrifice.  He  also  adds,  that 
when  they  are  surprised  by  a  tempest  they  scatter  it  upon  the  water  or 
throw  it  up  in  the  air;  and  they  also  put  it  in  their  new  nets  in  order  to 
Insure  snccess  in  flshing.|  There  was  also  somettiing  of  a  religions 
eliaracter  in  the  practice  common  among  all  the  Indian  tribes  of'  the 
United  States  of  smoking  the  caJamet  as  a  preliminary  to  any  treaty,  or 
bargain,  or  agreement  of  any  kind.  According  to  Charlevoix  the  Indiana 
daimed  to  have  received  the  calumet  from  the  Panis,  to  whom  it  had 
been  given  by  the  sun,  and  they  held  it  so  nacred  that  there  was  prob* 
ably  no  iDstance  of  an  agreement  made  in  tbi.s  mauuer  that  was  ever 
violated.  They  believed  that  the  Great  Spirit  would  not  leave  such  a 
breach  of  faith  unpunished.   •  In  trade,  wheu  an  exehauge  has 

been  -agreed  u])on,  a  calumet  is  smoked  in  order  to  hind  the  bargain, 
and  this  iniikes  it  in  some  manner  saered.  -  -  -  There  is  no  reason 
to  doubt  ttiat  the  Iiultans,  in  mnking  those  smoke  the  ealumet  with 
whom  they  wish  to  trade  or  treat,  intend  to  call  upon  the  sun  .is  a  wit- 
ness and  in  some  fashion  as  a  guarantiee  of  thoir  treaties,  for  they  never 
faiV^  so  the  old  chronicler  tells  us,  ^^to  blow  the  smoke  toward  tiiat 
8tar."§ 

*  "They  make  to  all  these  Spirits  different  sorto  of  offeringn,  which  you  may  eall, 

if  jon  please,  sacrifices.  Thoy  throw  into  the  Bivers  and  thv  lakea  Petumt  Tobacco, 
or  binls  that  have  had  their  throats  nit.  to  n'lidrr  the  God  of  tlie  waters  j  rn^  itiou« 
to  them.  In  honor  nf  the  Snii.  and  sometimes  hIno  <»f  the  Inferior  SpiritH,  tUcy  tlirow 
into  the  Fire  Part  ol  every  Thing  they  use,  and  winch  they  acknowledge  to  hold 
ftom  them.  It  is  sometimes  out  of  Gratittide,  hot  oftener  through  Interest Letten 
p.m 

t  ''ll  est  certain  <jne  le  Tabac  est  en  Anu-riqne  nno  hcrbc  consacr<^  a  phisieorsez* 
fTcicf's.  «t  a  plusieiir^  usages  dc  hi  Keligion :  "  ^[orrn•s  tlen  Sutiragc^  AiueriqiiaiH$f 
vol.  II.  p.  133,  «t  m/.,  also  vol.  I,  p.  ITU.  •Schoolcrait,  vol.  VI,  note  to  p.  109,  nays: 
"The  Nicotiana  was  smoked  and  offered  as  incenae  to  the  Great  Spirit  by  all  the 
northern  tribes/' 

Mlakliiyt.  l'otja<jc)i,  yol,  ni,  p.  330:  LondoUt  1810.  Coni)>are  Champlain,  p.  308: 
I*ari8.  n)32.  Sagard,  Voyage  den  Ifnronx,  vol.  I,  p.  151:  Paris,  1865.  Bartram,  p. 
471>.    Helation  en  V  anmr  Jf:.l7,  pp.  108-141. 

^  Charlevoix,  Lettet  H,  pp.  133,  <7  Loudon,  1763.  Bartram,  in  liis  MSS.  quoted 
in  Serpatt  Symbol,  p.  60:  New  York,  1851,  says  of  the  Creeks:  *'They  pay  a  kind  of 
homage  to  the  Sun,  Moon,  and  Planets.  -  -  -  They  seem  particularly  to  rcverenee 
th«'  SiiTi  as  the  symbol  of  the  Power  :in<l  Hcneticence  of  the  Great  Sjtirit.  nnd  as  his  min- 
ister, i  has  at  treati»>»  they  first  putl  or  lihiw  tlie  smoke  from  the  groat  pipe  or  calu- 
met towards  that  luminary;  and  they  look  up  to  it  with  great  reverence  and  ear- 
nestness when  they  oonfiim  their  tallcs  or  speeches  in  council  as  a  witness  of  their 
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If  now  we  tuTD  to  tbe  tribes  of  tbe  Huron-Iroquois  stock,  we  shall 
find  that  the  sun  was  not  less  an  object  of  worship.  In  the  Belation  of 
1648  we  are  told  that  they  invoked  him  as  a  judge  of  their  sincerity, 
who  saw  into  the  depth  of  all  hearts,  and  who  would  punish  the  per- 
tidy  of  those  who  broke  their  faith,  or  failed  to  keep  their  word.  Lafitan 
states  positively  that  Areskoni  and  Agreskott4  (the  difference  is  said  to 
be  linguistic),  the  war  god  of  the  Hnrons  and  the  Iroquois,  was  but 
another  name  for  the  san,  ^*  who  was  their  Divinity  as  he  was  that  of 
all  the  Americans.''*  La  Hontan  confirms  the  ftiet  of  their  worship  of 
this  luminary,  and  says  that,  when  asked  why  they  adore  Gud  iu  the 
sun  rather  tlian  iu  a  tree  or  a  monutaiu,"  their  answer  is  that  they 
choose  to  admire  the  Deity  in  piiMit  ,  pointingr  to  the  most  glorious 
thing  that  nature  afibrd8.t  According  to  Lafitau}  they  had  no  tem- 
ples, and  did  not  keep  up  a  perpetual  tire;  at  least  there  was  not  a  ves- 
tige left  of  any  such  buihling  in  his'  time,  and  no  mention  of  any  such 
institution  in  any  of  the  "Relations^'  of  theJesnit  Fathers.  This  how- 
ever can  hardly  bo  coiisidfrod  decisive  of  the  point,  since  we  are  given 
to  understand  tliat  these  tribes  had  lost  mauy  of  their  religious  cus- 
t(mis;§  and  in  tliis  very  connection  are  assured  that  t)>e  fire  on  their 
hearths  took  the  place  <»f  an  altar,  and  that  as  was  tin'  (  ase  anion  n  the 
Greeks  and  Cherokees,  their  '*  council  houses  sei  ved  tlicni  as  temples,"{| 
Bearing  upon  this  point,  and  as  an  evidence  of  the  identity  of  the 
religious  rites  and  ceremonies  everywhere  prevalent,  we  ni;»y  note  I  hat 
once  a  year  they  were  accustomed  to  i)ut  ont  all  the  lires  ot  the  tribe 
and  to  rekindle  them  wiili  fire  supplied  by  the  priests, <|  as  was  the 
case  among  the  8outhern  tribes.  Morgan  it  is  ti no  does  not  mention 
this  custom  iu  his  account  of  the  Iroquois  testi\  als,  but  ho  describes 
the  practice  of  ''stirring  the  ashes  011  the  hearth,  '  whi*  li  took  place  at 
tiieir  New  Year's  Jubilee,**  and  it  is  possible  that  there  may  iiave  been 
some  connection  between  the  two. 

Among  their  sacrifices  there  were  some  that  seem  to  have  been  pe- 
culiar to  the  northern  nations.  Thus,  for  instance,  although  the  dog 
was  a  favorite  article  of  food  among  tbe  tribes  both  north  and  south  of 
the  Ohio,  and  was  not  unfrequently  offmd  as  a  saciifice,  3  et  I  do  not 
find  that  anywhere  else  they  ^'hung  him  up  alive  on  a  tree  by  the  hind 
feet  and  let  him  die  there  raving  niad."tt  They  were  in  tlie  liabit  of  ex* 

contr:irt«.  '  'M)s;io|.8  smoke  to  God  or  to  th«  Sun:"  Nutt^nll.  JriiHttna  Jetrilory,p. 
95:  I'liihukliihiii,  182L. 

*  Movun  dt»  Sattvttgcv  Ameriquaiiiti,  xuh  i,  p.  i:j2-20(J:  Paris,  1724. 

f  Ln  Hotttan,  T vgaget  vol.  ii,  pp.  23  and  33:  Loudon.  1703. 

tLnfitan,  vol.  i,  p.  163. 

\\  Ibid.,  vol.  I.  i>p.  '_'M2-341. 

II  Ibid.,  vol.  I,  ]».  1(;7. 

f  Sclioolcrart,  Xofvx  on  the  boquoia,  p.  8,"»:  New  York,  1846. 
^*Morgan,  I^;in»  .»/  the  Iroquois,  p.  207,  el  *0q,i  Rochester.  , 
tf  Lnlitnii,  vol.  i,  p.  180,  Kuys  that  thift  custom  prevailed mnoug  tlie  Montegnab end 
otii«r  Algouqain  tribes  to  the  north,  but  Charlevoix  makes  no  such  distinetion.  He 
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posing,  on  the  tops  ol'  their  cal)ins,  atriugs  aud  necklacen  of  beads, 
biuK'hes  of  com,  and  even  animals,  which  they  I'onsecrated  to  the  Ban.* 
They  aJi^o  made  banit  offeri  ngs  to  the  Bame  diviuity  of  corn,  of  animals 
taken  in  the  chase,  and  of  tobacco  or  other  plants  that  served  them  in 
its  phu-tsf  in  macli  the  same  manner  as  was  done  among  the  tribes  be- 
longing to  tbe  Algonquin  and  Appalachian  families.  In  their  war  sac- 
rifices the  Iiotjuois  take  "the  leg  of  a  deer  or  bear,  or  some  other  wild 
beast,  mb  it  with  fat,  and  then  throw  it  on  the  fire,  praying  the  sun  to 
accept  the  offering,  to  light  their  paths,  to  lead  them  and  give  them  the 
victory  over  their  enemies,  to  make  the  corn  of  their  fields  to  grow,  to 
give  them  a  snccessfiil  bnnt  or  fish.''|  They  also  had  their  annual  festi- 
yals,  among  which  that  of  the  green  corn  was  one  of  the  most  impor- 
tant. It  was  celebrated  when  the  corn  became  fit  for  use,  usually  lasted 
several  days,  and  was  the  counterpart  of  the  feast  of  the  Busk,  as  ob* 
served  among  the  Indians  of  the  Gulf  States.  Morgan  paints,  with  a 
loving  hand,  the  simple  ceremonies  with  which  the  Iroquois  of  later 
times  were  wont  annually  at  this  festiva],  to  I'etnrn  thanks  to  the 
Great  Spirit  for  his  bounty,  and  to  solicit  a  coiitinnance  of  his  fiiivor 
aud  prot(>ction.  It  was  at  this  time  that  they  oHerod  a  sacrifice  of 
tobacco,  believing  that  they  could  commnni(  nt*  with  him  through  its 
incense ;§  and  in  their  prayers  they  returned  tiianks  **to  onr  mother, 
the  earth,  which  sustains  us;  -  -  •  to  tlu'  com,  aud  to  her  sisters, 
the  beans,  and  the  squashes,  which  give  us  lifo;  .  -  -  to  the  sun, 
that  hi'  looked  upon  the  earth  with  a  boniticeut  eye,  and  lastly  to  the 
(Ireat  Spirit,  in  whom  is  end)0(lied  all  goodnesit,  aud  who  directs  all 
things  for  the  g(»od  of  his  cliihlrcn."  j| 

Thus  far  Av«»  have  been  considering  the  religious  rites  and  customs  of 
the  difterent  tribes  of  Indians  that  oc<'ui)ie(l  the  eastern  j>ortion  of  the 
Mississip])!  Valley,  ainl  we  have  seen  that  there  was  a  general  same- 
ness jier\  adiiig  tlieni,  and  tliat  all  grew  out  of,  or  were  coiHiecfcd  u  itli. 
the  worslii])  of  the  sun.  if  now  we  turn  from  iliis  tlteme  and  cNamine 
into  their  myths,  we  shall  tind  that,  though  the  path  be  diHercnt,  yet 
it  leads  to  the  same  resnlt. 

Aeccptiug  the.  xCati^hcz  as  a  ty[»e  of  the  ;^roup  of  Southern  tribes,  we 
are  told  that,  ages  jsiro.  a  chil<l  of  tlu*  sun,  wlio  saw  and  ])itied  their 
disorgaui/i'd  condition.  <a!ne  down  with  Ids  wil<-  for  the  ]»iiri)oso  of  es- 
trtblisldtig  order  and  iii>tilnting  n'ligions  riles  and  eereaionies  ami»ng 
tlieni.   ile  gav(j  tlieui  <'ertain  prece])ts — political  as  well  as  religious — 

amertB  itof  iklithe  Indiaiu  ofCt»na<l».  floe  /.W/«r,  p.  252.  Coinparo  League  of  Ike 
Iroquoh,  p]).  207  el  erf.,  and  McKnnzie,  HUlary     Fnr  Dmde,  quoted  in  p.  121  of  Her' 

pt'ui  Siftnlwl. 

'  Cluiilevoix,  Liiten,  p.  252,    Lulitaii,  vi»l.  i,  p.  IHO. 

t  Liifitan,  vol.  i,  p.  179. 

t  Ibid,,  vol.  I,  pp.  a08»  309 ;  Paris,  1724. 

^Lmgue  of  lh<  hoqume^  pp.  196,  217:  Rochester,  1S61. 

|i»i<l.,p.203,2O4. 
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for  tbeir  better  «::i)vi  iumeut ;  aud  liaviiig  coiidurted  tlieui  into  ii  better 
laiKl,  lie  be*  aine  at  last,  after  iiiueh  solicitation,  their  sovereign.  It 
was  through  him  that  tlie  Nat4  hez  claimed  their  descent  firom  the  sna, 
aud  from  him  they  took  the  offieini  title  of  their  chief..  ThiH  is  the 
myth  as  ti»ld  by  Da  Pititz,*  and  though,  unfortunately,  tlie  religioas 
pre(*epts  which  are  said  to  have  been  inculcated  bear  a  most  suspicious, 
and,  under  the  cii'cumstances,  absurd  likeness  to  the  Ten  Command- 
ments, yet  it  is  i>ossible  that  the  rest  of  the  story  may  be  genuine. 

Among  the  Algonquin  tribes  we  are  on  firmer  ground.  Here  we 
have  the  old  story  of  ^'  the  conflict  between  light  and  darkness,  in  which 
the  former,  personified  under  the  immc  of  Michabo,  is  the  conqueror, 
lie  is  the  giver  of  light  and  life,  the  creator  and  preserver,  -  -  • 
and  in  origin  and  deeds  he  is  the  not  unworthy  personification  of  the 
purest  conception  they  possessed  of  the  Father  of  All.  To  him,  at 
early  dawn,  the  Indian  stretched  forth  his  hands  in  prayer;  and  to  the 
sky  or  the  sun  as  his  home'^t  or,  it  may  be  added,  as  his  representative, 
or  as  this  deity  himself,  he  offered  the  first  whiff  of  his  morning  pipe. 

Among  the  Huron-Iroquois  we  find  the  same  myth,  though  nnder 
different  names.  With  them  the  contest  was  between  loskeha  aud 
Tawiscara,  names  which,  according  to  Brinton,  signiiy,  in  the  Oneida 
dialect,  the  White  and  the  T>ark  one.  "They  were  twins,  born  of 
a  virgin  mother,  who  died  in  giving  them  life.  Their  grni  id  mother  was 
the  moon,  called  by  the  lIuroiiH  Ataen sic.  •  -  -  The  brothers  quar* 
reU'd,  and  finally  came  to  blows,  the  former  using  tlie  liornsof  a  stag 
and  the  latter  the  wild  rose,  ile  of  the  weaker  weaiwn  was  very  nat- 
urally discomtited  and  sorely  wounded.  Fleeing  for  his  life,  the  blood 
gushed  from  him  at  every  step,  and  turned  into  tiint  stones.  The  vie 
tor  returned  to  his  grandmolher,  and  established  his  hnlge  in  the  far 
ea<r,  on  the  borders  (^f  t1h»  grent  ocean  \\  liencc  the  snn  coincs.  In  time 
he  iM'caiiie  the  I'atlier  of  mankind,  and  the  s])Ochil  guardian  ol  the  Iro- 
qu<»is.  The  earth  was  ;it  first  arid  and  sterile,  but  he  destroyed  the 
gigantic  frog  wdiicli  had  sNMillowcd  the  wtiters.  and  guided  the  torrents 
iuto  smooth  streams  mid  lakc>.  The  wo<m]<  he  stocked  witli  game:  ami 
having  learned  troin  the  tortoise  how  to  make  fire,  he  tan;:ht  hi>  chil 
dren,  the  Indiairs,  this  indispensable  art."  i  "Without  his  aid,**  4?'a.>  s 
Father  BrelM»eul,  "  they  di(i  not  lliink  their  pots  would  boil.  -  •  ■ 
He  it  was  who  gave  them  the  corn  whicli  they  ate,  and  who  made  it 
grow  aud  ripen j  it  their  fields  were  greeu  in  the  spring  time,  if  they 

"  Hinfory  of  Louhimia,  vol.  ii,  j).  17r> »  /  xni.,  iiixl  London,  17r>3. 

f  llrniton,  Mythn  of  tin-  A/  ir  W  orlil.  \\.  ls;{:  N.  w  York.  lK7r>.    Compjire  S«  h(M>l(T:>ft, 
Indian  TrihcH,  vol.  v,  pp.  -l()2-tI7.    Helation  tie  hi  yourdfr  France  en  V  annii 
H',.',},  pp.  16  aud  13  rcsi»e(  tivel.v :    (^ueliuc,  1S58.    Latitiiu,  v»>l.  i.  pp.  12G-14r»:  i';irKs 
1724.  La  Potherie,  vol.  ii,  chapter  i :  PariH  1753. 

tThu8  far  I  have  copied  Brinton.  Mylht  of  the  Kcw  World,  p.  183,  wbobufol- 
lowi  .l  Futhrr  t<it'1>oc»if,  lirlation  la  youttUr  France  en  V  nunei,  1636,  tecolMitf 
pari  it  ,  clia]).  i:  Quebec,  18&8.  iu  what  follows  I  prefer  to  atick  to  tfa«  teit  of  tbe 
old  Futker. 
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gathered  ph  iitiful  hn r vests,  «mi  their  t-abius  <>v(  riloxred  with  grain, 
tbev  owo<l  iliiinks  to  ii<»  one  s;iv<'  ToKkeha,"*  tln'  suii.t 

This  (•(•i)i]iN't<'s  iiui  lu  it'l'  cxainiiiiit  ion  into  {\w  relifrious  belief  and  <'U8- 
toiiJ8  of  tlii*  Aiiici'icaii  Jiidians  cast  of  tlie  Mississippi  and  .suuth 

of  the  Great  Lakes,  in  it  we  have  jjfhiii<*ed  rapidly  at  their  myths  and 
their  l>»  lit'fs,  and  the  rites  and  ct K  inonios  to  which  these  gave  rise, 
and  we  liave  fonnd  that  each  line  ol  invi  sti^ation  led  U)  one  and  the 
same  result.  In  view  then  of  this  uniformity,  and  of  the  overwhelm- 
ing area  of  direet  evidence  that  has  been  offered  on  the  i)oint,  Ido  not 
think  it  is  overstepping  tlie  bounds  of  moderation  to  claim,  with  the 
old  chronicler,  that  within  the  limits  named,  the  American  Indians, 
BO  far  as  known,  withoot  the  exception  of  a  single  tribe,  worshipped  the 
sun."! 

III. — TilK  INDIANS  A.S  MOl  iNlJ  IIVILDEBS. 

Thus  far  in  the  course  of  this  investigation  my  position  has  been 
rather  a  n^ative  one.  It  is  true  that  an  effort  has  been  made  to  show, 
and  it  is  believed  with  some  measure  of  success,  that  the  red  Indian  of 
historic  times  was  botli  an  agriculturist  iind  a  worshiper  of  tlic  sun, 
aod  that  hence,  even  according  to  the  admission  of  those  who  li(»Id  a 
contrary  opinion,  there  arc  no  reasons,  "  priori j  why  he  eould  not  have 
erected  these  works.  This  is  unquestionaldy  a  step  in  tin*  rijjht  direc- 
tion; and  with  this  i>oint gaiued,  i  might  well  attbrd  to  n^st  the  argn- 
ment.  It  would  not  however  be  by  any  means  decisive  of  the  qu(?H- 
tion  as  to  the  origin  of  the.se  structures,  since  the  fa<-t  that  an  Indian 
uiight  have  built  them  does  not  justify  us  in  eonchnling  that  he  ac- 
tually did  do  so.  To  lill  up  as  fai-  as  possi])le  the  gap  that  separates 
the  ability  to  do  a  certain  piece  of  work  froni  its  actual  |h  rforniancc,  it 
^vill  be  necessary  in  this  cjtse  to  abandon  tlic  srcmiugly  negative  ]>rt.si- 
tion  hithei'to  occupied,  and  to  ini|uirc  wlict !icr  there  is  any  c\  i(i(  iicc 
that  the  Indian  has  at  miy  time  <'onst  i  nt  tnl  works  of  tlic  same  cliai  ae- 
tcr.  tliou!j;h  perhaps  not  of  the  same  size  as  the  largest  of  those  found 
in  the  iih'ut  Valley.  If  it  can  be  shown  that  he  ha8  done  so  it  is  be- 
lieved that  it  will  iustify  us  in  ascritiing  all  theses  stiMn-turcs  to  his 
agency,  for  tlie  reason  that  these  mound  centers,  with  .scarcely  a  single 

*  "  11b  tieniient  anssi  que  turns  Jomkrha  Iciir  cliauiliore  no  punrroit  bouillir,   -  .  . 

a  li's  cutomlro,  i-'  est  b»ti.sk«.'lui  (jm  leur  donnc  ]o  Med  «jci'  ils  inanK«'"t,  <  '  ♦•f*t  luy  ijui  le 
friit  rro'>»tr«^  vt  !<•  <-on(luit  .1  inatiirit*' ;  s'  ils- v(»yriit  letirK  i-ampa^iirs  A  rrdovaiiteH  :iu 
Priiiti'iiipB,  h'  lU  rt-fueilleut  de  belles  (<t  plant ur<Mit>et>  nu>it>i>i>uH,  et  hi  It-iirs  caltaucs 
re<jcorgeut  (ti>pi«  s,  ils  n'eii  out  TobligiLUmk  qii'a  lonakoha:"  RelaHon  de  la  Nour 
velte  JFVa»c««tt  T  awjiAf  1636>  p.  108:  Quebec,  1858. 

t**  Mais  pour  n-tounier  h  Aaim  ntsic  rt  loH^kfha,  i\s  tiiMiiu*nt  que  ioM>«A<7f*<  «'st  le 
Solpi!.  <  t  Jalticut^i'  ]:i  I.iMic.  « t  toiiti  -fois  teiir  vabaue  e«t  sitii«*.(^  uu  bout  do  la  terro : " 
liihiHon,  1636,  p.  1<<2:  i^moliec,  lKr>S. 

;  "Li'  Suloil  «  st  la  Diviniti?  des  retipJes  de  rAuii'iique,  suns  e»  excepter  ftiiomi  de 
ceux  qui  nous  sont  eonnut:"  Lafitoii,  Mimar*  dea  Sauvaget  AmeriqutUntf  vol,  p. 
130:  Puis,  im. 
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exception  y  can  he  provra  to  have  been  at  some  time  the  seats  of  mound- 
building:  Indians,  and  becantie  never,  so  far  as  we  know,  have  they 
been  held  even  tem|)orarily  by  any  other  race  of  people  previous  tr>the 
arrival  of  the  whites. 

In  pttrMuin^;  this  branch  of  our  inquiry  the  only  meth<Kl  open  to  as 
is  to  pnKiH'd  by  coiuiiarisoit.  I 'or  obvious  ira.sous  we  can  nevet  know 
the  partiiniiar  iiulividualH  by  whom  these  works  were  erected,  nor  can 
we,  except  ill  u  few  cases,  even  lioju'  to  do  more  than  approximate  the 
time  when  they  were  built.  All  that  ran  be  accomplished  in  tbe  pres- 
ent Stat*'  of  our  knowlodgo  is  to  show  by  a  comparison  ol"  these  re- 
mains with  similar  worlds  that  arc  known  to  have  been  ereet4'd  by  the 
modern  Indians  that  there  are  no  such  difVcrences  between  them  as 
would  authorize  tlie  infVrriu  o  that  tltey  wet  e  built  by  <liftereut  j)eo- 
ples.  or  1)y  the  s;un<'  jHopIo  in  ilitb^renl  stages  of  eivilization. 

To  institute  a  (•(»iiii)arison  of  this  character  seems  lik<'  a  very  -^iin^^le 
nuitter,  and  it  uoiild  l>c  so  it"  there  wcic  any  way  of  cstahli.-hiii.u  a  IkikI 
and  fast  line  <it'  «lcniarcal  ioii  itctwrcn  the  woiks  ot  the  Indians  a;id  lh»>se 
of  t lie  so-called  mound  Iniilders.    rnfcu'tnuateiy  howexeroi  jxMhaps 
it  niiirht  be  more  ctniecJ  for  me  In  >ay  fortunately,  iintliinu  (it  the  kind 
can  be  done;  fur  th<uij;h,      a  niatler  of  fact,  the  mounds  ami  earth- 
works of  the  Mississippi  \'alley  do  \  ur.v  imh'linitely  in  si/c.  >IiajH%  h*ca- 
tion,  fjroupinp;",  and  possii»l;y  in  manyotlu  r  k  sjkm  i s,  yet  ihese  are  all 
dift'erence.s  of  deprree  and  not  of  kin<l;  and  Iiowcv*  r  ^reat  the  ilistanee 
between  the  extrenu  s  in  any  one  of  these  particuhtrs,  it  is  Tn)t  of  sueb 
a  radical  (dniracter  as  to  indicate  a  <lirtcrem-e  in  the  civilizati<»n  uf  the 
people  who  constructed  the  works.    Given  time  ami  an  ind<'Hnite  sup 
ply  of  laborers,  and  there  is  no  reason  why  the  peojde  who  built  one 
might  not  have  l>nflt  any  and  all  of  them.  The  simple  manual  labor 
necessary  to  their  construction  was  essentially  the  same  in  every  case, 
the  only  <iuestion  being  as  to  the  amount.  That  this  is  so  is  evident 
from  the  fact  tlisit  when  considered  solely  with  refertmce  to  the  kind 
and  amount  of  this  labor,  these  works  are  found  to  grade  into  each 
other  by  such  iuiiHirceptible  stagen  that  admitting  them  U}  have  been 
erected  by  different  [leoples,  it  is  iui(H>ssible  to  say  where  the  work  of 
one  ended  and  that  of  tlie  other  bt^gan.   This  statement  has  T  know 
met  with  nmrv  or  less  opiM>sition,  and  it  is  quite  likely  that  in  the 
fntiu'O,  iis  in  the  past,  we  shall  be  told  of  the  existence  of  some  line  of 
demarnation  between  them,  though  it  is  possible  that  the  attemjit  to 
fix  and  define  it  will  not  meet  with  any  better  success  than  has  crowned 
former  efrort4<  in  the  same  direction.   Size,  shajie,  and  pn>bable  use 
have  at  diflVrent  times  heeu  thought  to  furnish  a  key  to  the  mystery; 
an<l  either  singly  or  together  they  arc  still  oecasioually  made  to  do 
duty  in  this  cai»acity :  but  with  all  due  <iefcrence  to  those  who  so  jier- 
tinaciously  seek  for  dillen  nces  where  none  exist,  it  nmy  be  said,  without 
fear  of  sucecssful  «  ontradi»  t  icm.  that  thus  fur  not  one  of  these  so  called 
distinguishing  features  has  been  able  to  stand  tlie  test  of  intelligent 
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criticism;  and  that  to  dav  it  looks  very  much  as  it  it  wouUi  ha  iiecis- 
sary  to  fall  back  upon  what  a  i  «H  cnt  w  liter  terms  indelliiable  marks'' 
and  '^resemblances  rliat  cannot  be  described,"  in  order  to  lind  a  f^mn- 
dation  for  the  theory  of  a  diflcreuco  iu  the  chaiacter  of  these  works, 
and-eouseqaeotiy  iu  the  civilization  of  the  peox)lc  who  built  them. 
Indeed,  the  advocates  of  tliis  theory  do  not  agree  among  themselves  as 
to  where  this  line  should  be  drawn;  and  ftom  the  very  nature  of  the 
case  it  may  well  be  doubted  whether  it  is  possible  for  themever  to  attain 
any  very  great  degree  of  hamiony.  Tlie  mound-builders  are  at  best 
a  mythical  people,  who  owe  even  their  imaginary  existence  to  the  nec- 
essity of  aooounting  for  a  state  of  aflairs  that  is  in  great  part  assumed ; 
and  of  course  any  standard  by  which  to  Judge  the  works  they  are  sup- 
X>osed  to  have  executed  must  vary  with  the  fancy  of  the  writer  or  the 
exigencies  of  the  argument.  But  even  if  this  were  not  the  case,  and 
there  were  no  subjective  obstacles  in  the  way  of  uniformity  of  opinion 
upon  this  vital  pointy  it  would  still  be  impossible  to  establish  any  test 
or  standard,  for  the  reason  that,  except  in  the  fact  that  a  large  minor- 
ity of  the  mounds  and  embankments  are  made  of  earth  sunply  heaped 
np,  with  little  or  no  care  iu  the  choice  of  material,  and  none  at  all  in 
the  order  of  deftosit,''*  there  are  no  two  of  them  that  are  alike;  and 
without  the  presence  of  f^ome  conformation  that  is  at  least  constant, 
it  is  of  course  idle  to  speak  of  a  type  or  standard. 

To  make  this  point  clearer,  let  us  glance  at  these  remaius  as  they 
have  come  down  to  us,  and  putting  aside,  as  far  as  possible,  ail  theories 
and  speculations  as  to  tluMr  origin  and  use,  let  us  question  them  as  to 
the  ciWlization  of  which  they  ai  e  the  silent  witnesses.  To  this  end,  it 
w  ill  be  ad\i8able  to  discard,  us  far  as  may  be  consistent  with  clearness, 
the  descriptive  nomenclature  that  has  been  used  in  the  classilication 
of  these  works,  and  to  adopt  one  that  will  be  less  productive  of  false 
and  erroneous  ideas  as  to  the  object  or  purpose  lor  which  many  of  tliem 
were  intended.  As  an  instance  of  tlie  errors  arisinir  from  tliis  source, 
take  the  term  "sacred  inclosure,"  which  has  been  appUcd  to  a  chiss  of 
%vorks  that  is  usually  found  upon  tlie  broad  and  level  river  ternu  es, 
and  is  composed  of  niduiids  and  enihaidcments  or  inclosures,  sometimes 
standing  alone,  bat  m«»re  frequently  gronpi'd  to<:eiher  in  a  miae  or  less 
C'ompliented  iiiauner.  This  term  has  been  loii.u  in  use,  and  by  a  sort  of 
] »resci  iptive  right  is  sometimes  i(»i;nrded  ns  describing  accni  ;ttcly  the 
character  of  the  works  to  whi<  h  it  has  been  api»lied,  wlien  in  poinl  of 
fact  it  does  nothing- of  the  kind,  A  few  of  these  iiM  l»».^ures  may  |»os- 
sibly  owe  theii'  oi  igiu  t^)  a  religious  sentiment,  but  of  t  lie  large  majority 
of  them  it  ma>  be  safely  said,  m  view  of  recent  in  vesligatious,  that  they 
were  simply  lorti tied  villages.  Self- protection  was  t  he  pi  imary  obje<'t 
of  the  people  who  lived  beliind  these  walls,  and  except  in  the  single 
fa<?t  that  some  of  the  truncated  mounds  o«  easionally  lbun<l  associated 

*  itancioft,  NoHte  Sacea  of  ihe  Putific  Siatetj  vol.  iv,  p.  766:  New^  York,  1875. 
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with  them  ma  v  liav'e  be<*n  the  »it<»8  of  rude  mud  teiuph's,  tliere  is  not  a 
particle  of  evidence  to  .show  that  thry  had  anythinjj:  to  do  witli  any  re- 
ligious rite  or  custom  whalsoevci.  Indeed,  if  it  be  admitteil  that  the 
mound  buihler  belonged  to  a  rac^-e  separate*  and  distinct  fronj  the  In- 
dian, it  (;an  not  be  conclusively  shown  that  he  had  any  religion  at  all. 
What  little  evidence  there  is  bearing  upon  the  point  is  drawn  fipom 
analogy,  and  Hingalarly  encmgh  is  based  upon  the  fact  that  the  Indians 
of  the  South^n  States,  trom  Florida  to  Missoari,  erected  just  snch 
mounds  as  ^tes  for  their  temples.*  Unfortunately  however  for  the 
analogy,  these  same  Indians  were  in  the  habit  of  placing  the  cabins  of 
their  chiefe  npon  precisely  similar  mounds^  which  were  also  built  espe- 
cially for  the  puri)08e.f  This  faet  alone  is  snffident  to  invalidate  any 
oonclnsioQ  as  to  the  religions  character  of  these  structures;  and  of 
course  any  inference  as  to  the  object  or  purpose  of  the  indosures  in 
which  they  are  sometimes  founds  based  upon  tliis  conclusion,  must  fisdl 
with  it.  But  even  if  these  works  were  all  that  is  claimed  for  them,  it 
IS  diflScult  to  understand  how  this  ikct  could  be  construed  into  an  argu- 
ment in  fiirVor  of  the  theory  that  these  truncated  mounds,  which  aie 
everywhere  identical  in  form  and  in  the  probable  uses  for  which  they 
were  intended,  could  have  been  the  work  of  two  different  peoples,  or 
of  the  same  people  in  different  stages  of  civilization,  though  its  im- 
portance iVH  a  link  in  the  chain  of  evidence  that  points  to  the  identity 
of  the  Southem  Indians  with  the  uiound*builders  is  at  once  apparent 

Keturning  from  this  long  digression,  and  bearing  in  mind  the  caution 
as  to  the  misleading  character  of  the  terms  used  in  these  investigations, 
let  us  resume  the  thread  of  our  inquiry,  and  divesting  these  remains  of 
the  glamour  that  attaches  to  them  as  the  work  of  an  extinct  people,  let 
us  endeavor  to  see  them  as  they  are,  and  to  interpret  as  far  as  may  be 
the  story  they  have  to  tell. 

Speaking  in  a  general  way,  the  Mississippi  Valley  system  of  earth- 
works may  be  said  to  embrace  all  that  region  that  lies  between  the 
Great  Lakes  on  the  north  and  tlu*  Gulf  of  Mexico  on  the  south,  an<l  to 
be  bounded  on  the  west  by  the  tier  of  State  s  th«at  Vuwa  the  wost4'rn 
bank  of  the  Mississipju,  and  on  the  east  hy  a  line  drawn  throu^rli  tin- 
middle  of  tlu*  States  of  New  York,  JVnnsyh  ania,  and  N  irjiiiiia,  and 
extending  southwardly  so  as  to  include  the  eater  part  i)f  tlie  two 
Garolinas  and  the  whole  of  Georgia  and  Fhuida.  It  is  true  that  simi 
hiv  works  are  found  outside  of  these  limits,  but  for  my  present  purjume-* 
it  will  not  be  necessary,  e\ct']>t  in  one  or  two  instances,  to  travel  beyond 
the  b  iiMMls here  pFCSerilied.  Tiiroughout  t  he  whole  uf  this  i  j-j^ion  tlte>»' 
remains  are  more  or  less  abundant,  though  ditferent  forms  of  mounds 

*  See  anttf  note  $  on  p.  640. 

tnioiluia  anil  KniKlit  of  Klvaa,  iu  IJisi.  <  oil.  of  Louisiana,  ]>:irt  ii,  pp»10SRiid  123: 
T.n  \v<zi\,  Coiiqiirtt  <fc  la  Flot  ide,  pp.  lf$fi  niid  2lH:  A  la  UayVf  17;i.'..  ITerrfrri.  vol.  vi. 
l>j>.  r*  Hu«l  0:  Li>u<li>ii,  1740.  La  Ilarjic  ami  Lv  IN  lit.  iu  Hist.  Coll.  0/  Louuiami,  |»ftrt 
in,  pji.  106  and  note  to  p.  142.  Da  I»ratz,  liivtory  0/  louiJana,  vol.  n,  p.  m:  Lon- 
don, 1768. 
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aud  earthworkt*  neem  to  ])reviii]  iu  diffVn^nt  jiectious,  for  iji»tanc6, 
the  iiuimal  niouiids  iu  Wisconsin,  the  iiiolosuies  in  Ohio,  aiul  the  trun- 
cated mounds  iu  the  States  farther  to  the  sontli.  All  kinds  hf»wever 
are  represented  in  the  Ohio  Valh\v,  and  it  is  i)robably  sate  to  say  that, 
within  that  basin,  tliey  are  more  niiiuiTous,  of  hir^jfer  size,  and  more 
comidieated  patterns  than  <  an  be  found  elsewhere  in  thti  United  States. 

Taken  as  a  whole,  they  may  be  roughly  divided  into  two  grand  divis- 
ians^mounds  and  enbanknieiits, — ^aiid  tbese  can  again  be  sub-divided 
into  nnmerons  groups.  Beginning  with  tiie  embankments  or  inclosures, 
we  And  that  they  are  generally  of  earth— rarely  of  stone,— aud  that  they 
are  situated  on  the  level  river  terraces,  or  else  occupy  the  tops  of  hills 
or  other  naturally  strong  positions.  According  to  theii  situation,  they 
have  been  divided  iuto  works  of  defense  and  sattred  indosures,  or  as  I 
prefer  to  call  them,  hill-forts  and  fortified  villages  The  former  of  these 
almost  always  followed  the  outlines  of  the  hill,  and  are  hence  more  or 
less  irregular  in  shape.  In  some  of  tliem  the  whtile  top  of  the  hill  is 
inclosed  by  a  wall,  whilst  hi  others  only  the  move  exposed  points  are 
so  defended.  The  fortified  villages  are  usually  f<mnd  on  a  level  ploin^ 
one  of  the  river  benches  or  terraces  being  generally  selected.  They  are 
of  various  sizes  and  shapes,  though  the  sqnare  and  circle  predominate, 
and  are  often  fonnd  united  in  a  seemingly  arbitrary  manner.  The 
height  of  the  wall  around  the  inclosure,  measured  from  the  bottom  of 
the  ditch  that  usually  iiccompunies  it,  varies  from  a  few  feet  up  t4>  30. 
In  many  instances  it  is  now.  and  must  always  have  l)eeu,  too  insignifi- 
cant to  oOer  any  serious  obstacle  to  an  attacking  force;  and  this  has 
given  rise  to  the  snirircstion  that  these  end)a!ikment8  were  formerly 
surmounted  by  stockjMles,  as  was  thecase  with  the  villages  of  the  recent 
Indians.  Without  stopping  now  to  inquire  into  the  probability  of  this 
explanation,  it  is  suflRcient  to  say  that  there  cannot  l)e  the  sli«(hest 
doubt  as  to  its  truth  in  regard  to  some  of  them.  Hrackcnridge*  states 
the  lact  i)Ositively,  and  Atwatcr  tells  us  that  half-way  up,  on  the  out- 
side of  the  inner  wall  that  surrounde(l  the  <  ir(  lc,  or  as  he  calls  it  tlic 
round  fort,*^  which  formed  a  ]Kirt  of  tlic  lai  jj;e  anil  complicated  s«*rics 
of  works  that  once  oci  iipird  tin-  site  (tl  tlH'  prcxMit  town  of  Cin  lrville, 
(^Mmo. tliore  is  a  ]da(  c  distinctly  to  lie  seen  where  a  row  of  pickets 
once  stood,  and  \\  lieie  it  was  plae<'<l  w  lieu  lliis  work  of  defense  was 
oriL'^inallv  erected. 'M  In  point  of  size  t!tese  works  varieil  greatly. 
iSome  ot  the  smaller  circles — probably  the  ruins  of  mud  lodges  or  tem- 

*  runetof  LouManOt  pi*.  21  niid  182-3:  Pittubarg,  1814. 

^  Arehaoloffia  Amrrivana,  vol.  i,  j).  I  IH:  Wortostor.  Mums.,  1820,  As  theSO  WOrlcB 
will  h«  ffferrcd  tn  Ikt'  :! ftor.  I  a«M  a  deHcription  from  tin*  f<:iiii»'  lH»«>k.  iip.  111-2: 
"There  are  two  lortn  which  are  joined  t<>;;e(h«"r,  on*-  lirint;  :m  rxiu't  cirolr,  th<MilhiT 
an  ex.'ict  8<iuare.  The  foniier  iMSUironudcd  by  two  walls,  w  ith  iideo|(ditrli  lirt\v»'eu 
them.  The  Isttor  is  eiicompiuMcd  with  ouo  wnll,  without  any  illtdi.  Th«  fonutr 
wm6!>  rods  in  diameter,  nieusnrini^  from  oiitNiilo  to  ontMido  of  tlit^  circular  <>iit«>r 
wnll;  till'  ];itl(  r  is  p\":irt1y  rmts  sijinv  ttn-nsnrin^  fli-' "^rinif^  wny.  Tlio  walln  i  if  ( Im 
oircolar  Xurt  were  at  lca«»t  20  fuet  iu  height,  measuring  from  tho  bottom  of  the  ditch, 
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l)los  similar  to  th(m\  ilescribiMl  as  buviug  existed  among  the  Southern 
ludians,*  and  which  may  slill  Ix"  <oen  among  some  of  the  trilies  of  the 
CJpper  Missouri  f — are  not  more  tlian  TiO  feet  in  diameter,  whilst  tlie 
gFOUpSy  or  8<Tie8  of  w<irksin  wliich  tlie  difterent  forms  are  united,  not 
unfrequeutly  covered  hundreds  of  acres,  or,  as  wa«s  the  case  witli  the 
works  at  Newark,  Ohio,  were  scattered  about  over  an  area  of  2  miles 
square,  t 

The  situation  of  the  ditch  witli  rcfcu'iicc  to  the  ^vall  was  n  innttor  i!> 
wliicli  tlHM-c  was  btit  littk'  if  any  iiiiilnniiitx .  ir  ])t'iii,u-  soinctiiiics  onoiu' 
side  of  tlic  wall  and  soiiictiiiu's  <m  the  otlicr.  At  oiic  time  this  feature 
was  thniiulit  to  furnish  a  (  i  itcriou  by  which  lo  jud.uc  the  character  of 
the  work,  aii<l  Mr.  S<juier  quotes  ai»|irovinjj:ly  English  authorities  to  the 
rtTrct  '-that  the  cirt  uiiistance  of  tlit;  ditch  beinj^  witliin  the  valbnn  is  a 
ilii>tiii^uishing  jnark  between  T«'li«ri«ms  and  military  works."  c  Tliis  jk»- 
sition  however  docs  not  hold  uoud  witii  repaid  to  earth  works  in  the 
United  States,  since  it  is  matter  of  record  that  in  some  of  the  sloe ka^led 
forts  of  tlie  recent  Indians  the  <liteh  was  <m  the  insiih'  of  the  wall, 
wliilsl  in  others  there  was  a  ditcli  on  each  side.  \{  Indeed,  when  we  con- 
before  the  town  of  Cirrleville  was  btUlt.  The  iimer  wall  wm  of  olay,  Uiken  up 
prolmbly  in  tho  uortheni  part  of  the  fort  wlu're  was  si  hiw  plat  e,  aud  is  still  <  nn- 
Hich  rably  h»wf'r  than  any  other  part  of  the  \v«»rl<.  Tho  outHide  wall  wa.s  takeu  lr».ui 
the  ditvU  which  is  between  thcso  walls,  and  is  alluvial,  cuusistiitg  of  pebblea  worn 
muooth  itt  water,  and  sand,  to  a  very  considerable  «lepth,  more  tban  50  feet  at  least, 
The  outside  of  the  walls  is  about  5  or  6  feet  in  height  now;  on  the  inside,  the  dttrh 
is,  at  present,  generally  not  more  than  15  feet.  They  are  disappoarinj;  before  ns 
daily,  and  will  soon  he  jjone.  The  walls  of  the  atjuare  fort  are.  at  this  time,  where 
left  staudiug,  about  lU  feet  in  height.  There  are  eight  gateways  or  openings  lead- 
ing into  the  square  fort,  aud  only  one  into  the  circular  fort.  Before  each  of  these 
openings  was  a  mound  of  earth  perhaps  4  feet  higb,  40  feet  perhaps  in  diameter  at 
the  ba.se,  and  20  or  upwards  at  thesuuiniit.  These  mounds  for  2  rods  or  niom  are 
oxa<  tly  iu  Croat  of  the  gateways,  and  were  intended  for  the  defense  of  these  open- 
ings." 

*  Joutcl,  iu  Uiat.  Coll.  of  Loumaua,  part  i,  p.  146.  Among  the  Alachua  (Floridiau) 
Indians,  we  are  told  by  Bartram  that  **  their  dwellings  stand  near  the  middle  of  a 
square  yard,  eneompassed  by  ft  low  bank,  formed  with  the  earth  taken  cat  of  the 
yard,  whieh  is  always  earefully  swept:"  Travels  throutjh  FloHda,  p.  192. 

tf'ntlin.  Xorlh  .imrricttn  Indiana,  vol.  i,  ]>.  81:  T-ondou,  184JS.  In  the  Peabrnly 
Museum  of  American  Archieoh>gy  aud  Ethnology  at  Cambridge,  Mass.,  there  is  a 
model  of  one  of  these  mud  lodges,  such  as  is  now  in  use  among  l^e  Omabas. 

t  Ancient  itonuntenU  of  the  Missiuippi  Valley f  p.  67. 

ilMd.,  chap,  uif  note  to  p.  47. 

IfCharlevoix,  Ilhtoirr  ffr  hi  XoHvrUt'  i-'rance,  vol.  t\  .  p.  15f?:  Paris,  1744.  School- 
craft, Trareln  in  the  MiHHis.sippi  \  oUetj.  p.  121).  i  atliu,  Sorth  American  Indiant. 
▼ol.  I,  p.  81 :  Loudon,  1818.  lu  the  town  of  Modford,  Mass.,  near  Mystic  Pond,  there 
was  a  "Fort  built  by  their  deceased  King,  in  manner  thus:  There  were  pools  some 
thirtieor  fortie  foot)  hum.  stucke  in  the  <;niiind  as  thicke  as  they  rould  beset  one 
by  another,  ntid  with  these  thfV  < ni  lusrd  a  riu;;  .some  forty  or  fifty  footc  ovrr.  A 
trench  i)rcast  liigh  was  »li;5j.^i'd  on  cai  ii  side;  one  way  thore  wa>*  1<»  l:<><'  into  it  with 
a  bridge;  iu  the  nudf>t  of  this  Palli^udo  stood  the  frsuue  of  a  lionse  whereiii  iM-iug 
dead  he  lay  buried.  A  mylc  from  hence  we  came  to  such  another^"  etc. :  Mourt's  Re- 
tofioM,  p.  126:  Boston^  1865. 
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sidei*  the  nature  of  the  position  to  be  (U'leiidcd,  aud  beiir  iu  iiiiiid  the 
elective  of  ritle  pitH  in  modem  warfare,  it  may  well  be  doubted 
whether  the  inside  is  not,  under  certain  conditions,  the  proper  place 
for  it. 

in  the  material  of  which  they  were  made  these  embankments  vjiried 
bnt  little.  As  has  been  w<'l1  said  by  IT.  H.  Bancroft,*  **they  are  of 
earth,  stones,  or  a  mixture  of  tliti  two,  in  their  natural  ccmdition,  thrown 
tip  from  the  material  which  is  nearest  at  hand.  There  is  no  instance  of 
walls  built  of  stone  that  has  been  hewn  or  otherwise  artificially  pre- 
pared, of  the  use  (if  mortar,  ol"  even  ruii;:h  stones  Iai<l  with  rejjulartty, 
ofadobr-s  or  earth  «)therwis<'  jireparcd,  or  of  material  brought  from  any 
•jfrcat  distance.  Tlie  material  was  taki-n  from  a  ditch  that  often  aecom- 
l»ani«'s  the  embankment,  from  excavations  or  pits  in  flie  inunediate  vi- 
cinity.or  is  serai>ed  up  from  the  surfaceof  the  surrouiMli  i  -  soil.  There 
is  notliin^  iu  the  i>resent  appearance  of  these  works  to  indicate  any  dif- 
ference in  their  oriLrinal  fin-ni  from  Liiat  naturally  *j:iven  to  earth  W(»i  ks 
thrown  up  fiom  a  ditch,  with  sides  as  nearly  iK*iiJcndieular  ;is  the  nature 
of  the  material  will  permit.  Of  course  any  attempt  on  the  part  of  the 
builders  to  give  a  symmetrical  superlicial  contour  to  the  works  would 
liave  been  louj;-  sim-e  obliterated  ))y  tiie  action  of  the  elements:  but 
notiiing  now  n  iuaiiis  to  show  that  they  atta<'hcd  any  imi>oi  tam  e  what- 
ever to  either  material  or  contour.  Stone  embankments  are  rarely 
found,  and  onl3'  in  localities  where  the  abundance  of  that  material 
would  naturally  suggest  its  use.  In  a  few  instances  clay  has  been  ob- 
tained at  a  little  distance,  or  dug  from  beneath  the  surfoce.^ 

Turning  now  to  our  second  grand  division — the  mounds, — we  find 
them  comtKMied  of  earth  and  stoue,  and  varying  iu  location,  size,  shape, 
and  contents.  Divided  according  to  their  form,  they  may  be  classed 

First.  "Temple'*  or  truncated  mounds,  which  as  their  name  indi- 
cates are  truncated  cones,  usually  with  graded  ways  to  their  tops,  and 
in  some  instances  with  terraced  sides.  Their  bases  are  of  difterent 
forms,  being  Indifferently  either  round,  oval,  square,  or  oblong;  but 
whatever  may  have  been  their  differences  in  these  respects,  they  were 
all  alike  in  having  flat  or  level  tops,  which  were  no  doubt  used  as  sites 
for  their  rude  temples,  or  the  cabins  of  their  chiefs.  In  size,  they 
varied  from  a  height  of  5  feet  to  90,  aud  from  a  base  of  40  feet  in  diame- 
ter to  one  covering  an  area  of  12  acres.t  Like  the  embankments,  they 
are  simply  heaps  of  earth,  some  of  them,  it  is  true,  of  immense  size, 
biitall  of  them  thrown  ui>  without  much  cure  iu  the  choice  of  material, 
aud  none  at  all  in  the  order  of  deposit.'' 

i^econd.  The  next  class  is  composed  of  the  animal  mounds,"  or 
mounds  in  which  the  ground  plan  is  more  or  less  irregular,  aud  is 

*  yatfre  Races  of  thv  I'ucijic  Staten,  vol.  iv,  p.  733. 

t  See  the  account  of  the  Gnhokia  Mouud  in  12tb  Annml  Rqtort  of  the  Feahodjf  Mu" 
9eum. 
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thought  to  resemble  nnimalt?,  birds,  ami  liiimaii  beings,  though  it 
iH  admitted  that  this  rcscMnblaiicc  is  oftou  imagiuuiy,  and  that  there  is 
no  evidence  that  tlic  huihh'rsot  tdesc?  works  intenchMl  to  eopy  any  such 
forms.  JndiM'd,  Laphain,'  to  whom  \ve  are  indebted  for  the  most  satis- 
factory  atu  oant  of  these  numnds  that  we  possess,  linds  it  ueeessary,  on 
more  than  one  occasion,  t«»  emitiou  his  readers  against  blindly  accept* 
ing  these  reMeniblauccs,  and  frankly  says  that  iti  some  c{ises  appella- 
tians,  like  tbat  of  Lizard  Mouud/'  were  giveu  for  the  sake  of  eon- 
venienee,  and  without  pret«udiiig  that  tltey  were  actaally  ititendeil  to 
represent  that  animal,  t  Accord  i  n  g  t  o  the  same  uathor,  as  summarized 
by  Bancroft,  these  mounds  vary  in  height  from  1  to  0  feet,  and  their 
dimensions  on  the  ground  are  quite  large.  Thus  '^rude  effigies  of 
human  form  are  in  some  instances  over  100  feet  long;  quadrapeds  have 
lx>dies  and  tails  each  from  50  to  200  feet  long;  birds  have  wings  of  a 
hundred  feet;  lizard  mounds  are  200  and  even  400  feet  in  length ;  straight 
and  curved  lines  of  embankments  reach  over  a  tliousand  feet,  and  ser- 
pents are  equally  extensive.''  Mounds  of  this  class  are  common  ia 
Wisconsin,  and  are  also  found  in  Ohio  and  Georgia.  They  are  not 
burial  mounds,  thougli  they  are  not  utt frequently  groui)cd  with  conical 
mounds  that  inclose  human  remains,  as  they  are  also  with  embank- 
ments and  indosnreSf^the  grouping  being  always  without  any  apparent 
order.  They  are  usually  constructed  of  earth,  stones  being  but  rarely 
used,  except  j^erhaps  in  (icorgia,  where  the  two  bird-shsiietl  mounds 
described  by  Uol.  O.      Jones  are  built  entirely  of  that  material.t 

Third.  The,  third  and  lastclass  of  mounds  consistsof  the  simpleeinu- 
cal  tumuli  that  are  scattered  about  over  this  Nvhole  area  and  ar^  far 
more  numerous  than  all  the  others  combined.  3t>  far  as  outward  ap- 
|>eiu*au4'e  is  com  enied  they  are  generally  round  or  oval,  tlumgh  otln  r 
ff>rms  are  not  unfreqnent.  They  v;iry  in  lu-inlit  from  a  few  inches  to  7U 
feet,§  and  in  diameter  from  3  or  4  teet  to  'lOO.  It  is  probable  howe\-er 
that  a  ln*ight  of  frcmi  -i  to  30  feet  and  a  diameter  ranging  at  the 
base  from  15  to  50  feet  would  include  a  large  ]>roportion  of  them. 
Although  s»i  alike  in  form,  these  mounds  diUVr  widely  in  h)cation, 
an<l,  as  we  shall  see  later  on.  in  tlteir  contents.  They  are  fouml  on  the 
tops  of  the  highest  hills  and  in  lh<^  hiwest  river  valleys:  thoy  stand 
alone  nr  in  groups,  oi-  in  ('oniie(;t ion  with  hill-tbrts  or  tVirlititMl  villa^fes, 
ot'wliicli  tlii'v  r\r(b'ntl\  lonnt'd  component  parts.  h\  the  materia)  of 
wliicii  (ht'v  an-  built,  as  well  as  in  tlu-  nmnner  nt"  their  consti  net  ii>n. 
they  do  not  diller  from  the  embankment8  and  from  other  mounds.  A 

*  AntiipiitieK  of  WisconHin,  in  vol.  vii  of  the  ^mifWiiiiiic  ConMbntiama  to  Kmoti^- 

edge,  pp.  1 1, -4,  ISO.  ctr.  nlsu  .Inr.  Moil.  «/'  the  MiaHixn'ijtpi   fallrfff  p.  ISO,  ju 

whicli  >Ir.  Soiiioi  sjH';iks  <•!  i  m  >iiii.I  fh  ii  •  may  havo  bwn  iutended  to  rvpreMNit  • 
hirti,  u  liow  and  .irrow.  or  tin*  hiiuiau  ti^iiix-."' 

♦  1.  c,  uoto  to  p.  9. 

i  SmlthtoHlun  Hepttrt  fur  ]H7i.  p.  278. 
(  Ane^  Man,  Mi«9.  Vallegf  jip.  5  nnd  168. 
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large  niajority  ot'tlieiu  luv  heaps  ol' earth,  tlioii^ih  stoiuMiKMiuds 

or  eairuH  arc  (piitc  ronimon,  and  iii  I'loridii  th«y  are  i^uiucl iiiics  com- 
posed almost  i  iiiirely  ol  shells.  As  a  i  ulc,  they  are  homogeiieou.s  in 
«truetiire,  though  oe<'asionally  in  the  Ohio  Valley,  and  esjieeially  alonj^ 
the  Heioto  River,  there  are  a  lew  tbat  were  regiUaily  and  iuteutioiiaUy 
stratifie<l. 

This  is  helievf^d  to  l>«  a  lair  sUitenient-  of  all  that  is  known  of  tlie 
mounds,  consideu'd  siiiii)ly  as  TOOunds,  and  without,  any  regard  tx)  their 
contents,  or  to  what  is  kuowTi  of  them  historically.  It  is  taken  almost 
lit<*rally  from  Bancroft,*  whom  1  have  chosen  to  follow,  for  the  reason 
that  his  summary  of  the  results  of  the  exidorations  of  Squier,  Laiihani, 
and  others  is  just  and  comprehensive,  and  because,  in  a  matter  of  this 
importance,  it  seemed  to  me  desirable  todistrast  my  own  judgment  and 
to  accept  the  statement  of  one  who  can  not  be  accused  of  sharing  in  the 
oondnsi^ms  to  which  I  have  been  most  unexpectedly  driven. 

As  a  result  of  this  rapid  glance  at  the  story  of  these  remains,  when 
told  hj  themselves,  it  will  be  seen  that  although  they  diCfer  widely  in 
fbim,  sisse,  and  the  evident  use  for  which  they  were  intended,  yet  they 
are,  primarily,  nothing  but  heaps  of  earth,  stones,  or  a  mixture  of  the 
two,  thrown  up  into  the  form  of  monnds  and  embankments.  A  child 
at  play  on  a  pile  of  sand  performs  on  a  small  scale^  and  for  his  amuse- 
ment,  the  very  same  kind  of  labor  as  that  involved  in  their  erection; 
and  the  beaver  and  the  white  ant,  in  building  their  dams  and  nests, 
show  a  degree  of  development— a  faculty  of  adapting  means  to  an 
end — but  little  if  any  inferior  to  that  displayed  by  the  mound-builder, 
when  judged  by  the  same  standard.  Indeed,  we  are  told  that  the  bea- 
ver dams  and  washes  of  Wisconsin  sometimes  bear  a  very  close  resem- 
blance to  the  so-called  serpent  mounds,  and  to  the  excavations  made 
by  the  Indians  in  search  of  lead  and  other  ores; t  whilst  as  a  matter 
of  fiict,  the  ant  hills  of  Airica,  in  point  of  r»*lative  size,!  and  in  the 
architectural  knowledge  and  engineering  skill  displayed  in  tiieir  c(m- 
struction,  are  quite  equal  to  any  earthwork  in  the  Ohio  Valley.  In 
saying  this,  it  must  not  be  supposed  that  there  is  any  intention  of  dis- 
paraging the  works  of  the  mound  builders.  Unquestionably  some  of 
them  are  of  great  size,  and  exhibit  an  immense  anu)unt  of  i»atient  toil 
and  perseverencej  but  Ixnoud  this  they  tell  us  little  or  nothing.  No- 
where, either  in  laying  them  out,  or  in  the  manner  in  which  the  dead 
were  8«)mctinu's  buried  in  them,  can  he  found  any  such  adherance  to 
the  principle  of  orientation  as  would  authorize  the  inference  that  the 
people  who  built  and  buried  in  them  had  advanced  beyond  the  merest 
rudiments  of  nstronomica]  knowledge:  and  as  for  the  Tiinthematical 
skill  displayed  in  the  construction  of  their  s()uareii  and  circles,  any<me 

'  Nuthe  Baca  of  f  A«  Pudjie  Staletf  vol.  iv,  cliap.  xiii. 
tAniiquiUet  t\f  nri>r<»ii«ltt,  I.  c,  note  to  p.  11. 

t  S(»in«>  of  the  hilln  of  ttie  80-ea11etl  white  auN  of  Africa  are  25  feet  high,  au<l  hon- 
eyoomtK-tl  with  galh'rifs. 
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who  has  even'  aided  in  fencing  a  western  farni  knows  that  it  is  a  cnm. 
puratively  simph^  matter  lo  ''run"  a  straight  line,  especially  if  it  he  as 
broad  as  most  ut'  these  embankuu'iits:  and  that  consequenily  squares 
as  larj^e  and  witli  anirles  ms  '*  pci  f^ct"  as  any  «>r  those  in  tin-  (  Hiio  Val- 
ley, can  he  eonstnuted  with  tlio  aid  ofthn-e  stiaij^ht  sticks  and  a  inod- 
eratoly  gfood  eye.  The  einlcs  miulit  perhaps  jjive  a  little  niorV  inmble; 
hut  even  they  are  not  beyond  tlie  ( oinpass  t>f  a  b*»y  witli  a  slrinj^.  Mr. 
Scpiier  himself  admits  that  it  is  ))ONsibl«'  toconstruet  them  ofconsidtiable 
size  without  the  aid  of  instruments,  thou^li  uiiv  ovei  a  mill'  in  l  ircumfer 
enee  would,  he  thinks,  offer  serious  obstacles.*  In  a  wortl,  the  labor 
involved  in  the  erection  of  these  works  was  i>urely  nmnual,  and  i)er- 
fectly  homogeneous.  It  did  not  even  necessarily  imply  the  use  of  me- 
chanical aids  of  any  kind,  thongh  it  is  probable  tbat  the  mde  stoue 
hoe  or  spade  and  a  basket — t>ne  to  loosen  the  earth ,  and  the  other  to 
transport  it — ^were  both  employed ;  and  these  (be  it  remembered)  were 
within  reach  of  every  Indian  family  east  of  the  Mississippi  and  south 
of  the  Great  Lakes. 

The  fact  then  aa  to  the  character  of  this  labor  being  as  stated,  it 
would  seem  to  follow  that  a  people  who  could  have  erected  one  of 
these  works,  be  it  a  mound  or  an  embankment,  might  have  built  any 
and  all  of  them;  and  of  course,  if  it  can  be  shown  that  the  red  iDdiaa 
has,  within  the  historic  epoch,  thrown  up  mounds  5  or  10  feet  high, 
and  of  proportionate  size,  there  can  be  no  reason  why,  given  time,  of 
which  he  had  an  unlimited  supply,  or  an  increased  number  of  work* 
men,  he  could  not  have  made  tlient  ten  times  as  large  had  he  been  so 
inclined.  To  deny  this  involves  the  necessity  of  showing  that  there 
existed,  in  mound-building,  some  point  beyond  which  the  efforts  of  the 
Indian  could  not  go — some  limit  to  the  number  of  baskets  full  of  earth 
he  might  bring — ^and  this  will  scarcely  be  undertaken  by  the  hardiest 
advocate  of  the  theory  of  the  two  <  ivilizations.  Indeed,  it  is  only 
necessary  to  put  the  matter  in  this  broad  light,  to  ask  where  it  is  pro- 
posed to  run  this  line  oC  demarcation,  and  how  it  was  found,  in  order 
to  show  the  absnrdit.N  of  any  attempt  to  set  up  a  standard  that  will 
enable  us  to  say,  definitely,  whether  any  given  earthwork  was  built 
by  the  recent  Iiulians  or  by  the  so  called  mound-builders. 

Witli  this  fact  clearly  understood,  we  are  now  reatly  to  t^ake  np  the 
evidence  that  points  to  the  red  Indian  of  modern  times  as  the  builder 
of  these  works;  and  by  way  of  bej^inninjr,  let  ns  look  into  the  truth  of 
the  oft-repeated  statement  that  he  had  no  tradition  as  to  tlieir  orij^iii, 
and  the  purjmses  for  which  they  were  ereet<*d.  So  far  as  my  imme- 
diate arnunuMit  is  concerned,  this  is  to  sonn*  extent  a  Avork  of  siijMTci'O- 
gatiou.   Tradition  is  at  best  but  an  ausafe  guide,  and  eveu  if  it  were 

*  Anc.  Mon.»  p.  61 .  H<'ariu;7  upon  this  pohit  is  tfao  xtatement  of  Miss  A.  C.  Flpt<cher. 
that  tlie  Ogalallfi  Sioux,  w  hen  marking  out  tlio  ground  for  tlx'  mm  Aanco,  raiae  np  • 

]H>I«>  in  tlir  r<'u(«  r,  ;niil  tiii  ii.  with  n  rawliidc  c  or<l  ag  a  radlufl,  draw  a  cirele  of  tbo 
ruquircil  kizc,  my  from  2u)  tu  300  feet  in  diaiueter. 
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notf  tbe  fact  that  the  Indians  could  not  give  uny  accoimt  of  tbea6 
stnLcturea  woald  carry  but  littlt^  if  any  woi^^ht,  for  the  reasou  that  it 
isiiegativ*^  evidenco  pnre  and  simple,  and  as  sitcli  miiBt  ^ive  wa}' to 
the  woll-aiithenticated  instances  of  niound-hnildiagamoDg  tin'  Natchez 
and  otluT  historic  tribes.  Tpon  this  jmiiit  there  can  be  no  <lin(  reiiee 
of  opinion,  and  thons:h  it  clenrly  sliows  the  worthlessncss  of  tradition 
as  t!»e  basis  for  an  ar^iunent  in  ilic  present  discussion,  yet  the  state- 
ment as  to  the  absence  of  all  ac(!oiints  of  the  origin  of  tliese  works  is 
so  often  repeated,  an'1  witli  such  seeniiii;;  contirlence,  that  the  investi- 
gation woiikl  be  iiu'om]>l<'t««  without  some  inquiry  into  its  truth.  F.sp(» 
eially  is  tliis  so  in  \  lew  ol"  the  fart  tliat  like  all  wludesale  iifenerali/ations 
it  has  a  certain  f(»ini(hititiii  iu  truth,  thoujih  tliis  is  believed  to  ))e  en- 
tirely to*)  sli<;ht  to jnsiily  ns  iu  acceptinjr  ti»e  statement  ifi  tlie  -Isape 
in  which  it  has  come  down  to  ns.  That  certain  Indians — the  number 
is  iiiiiiiatcrial— -weie  wiliiout  any  tiadition  up(m  the  subject  of  those 
mounds  is  extremely  j>robable;  and  if  the  early  writeis  liad  c<niliiied 
themselves  to  a  statement  of  this  fact,  theic  woiihl  have  been  tio  <|ues 
tion  as  lo  its  ;Mceptance.  But  when  generalizing  (as  was  too  often 
their  wont)  from  the  few  instanc<vs  that  canu'  under  their  observation, 
they  tell  us  that  ''the  Indians"  or  that  ''certain  tribes''  were  equally 
ignorant,  then  it  is  time  to  call  a  halt,  and  impiire  into  the  validity  of 
the  evidence  upon  which  the  statement  restti.  To  do  this  th(»roughly 
involves  no  little  hilior.  Trnstworthy  anthoritiea  must  Uo  examined — 
the  more  the  better, — and  if  they  fail  to  bear  ont  the  general  oonclii- 
sion^  as  will  almost  always  be  found  to  be  the  case,  there  is  no 
alternative  but  to  so  modify  this  conclusion  »k  to  bring  it  in  accord 
with  the  newly-discovered  evidence.  As  an  instaneo  of  the  goml  re- 
snlts  that  sometimes  follow  this  method  of  interi)reting  the  old  chron^ 
idorSf  take  the  assertion  of  the  younger  Bartram  that  "the  Olierokees 
are  as  ignorant  as  we  are,  by  wluit  people  <ir  for  what  purpose  these 
artificial  hills  were  raised/**  He  is  speaking  of  the  mound  uiion  which 
stood  the  council  house  in  their  town  of  Gowe,f  and  it  is  of  course  very 
probable  that  the  Indians  of  whom  he  made  the  inquiry  did  not  know 
who  built  this  particular  mound;  at  least  there  can  be  no  doubt  that 
they  told  him  so,  and  that  he  believed  them. 

Kow  Bartram's  visit  to  the  ('herokees  was  a  hurried  one;  he  saw 
but  few  of  their  towns,  and  could  not  possibly  have  (unversed  with  but 
a  small  portion  of  their  jieople,  and  yet  his  statement  is  couched  in  the 

*  JiartraiUH  Trucdt*,  p.  :5H7:  rinhun  iphia,  17!U.  Ho  mlUs:  '  liut  tin'y  have  a  tra- 
diticm  common  with  (he  other  natiouB  of  Indinnt,  thnt  th«\v  found  tlieni  in  mtich  the 
same  condition  m  they  now  appear,  when  their  forefathen«  arrived  from  the  West 

ami  iM)88CH.so«l  tlioinHi'lvi's  of  the  country  after  vaiiqttiehing  tho  nations  of  rod  men 
n-lio  then  inhul»iti'<l  i<,  who  themsrlvrs  fotind  f?n'H(>  im>Mn<^>;  v\li<  ii  thi  \  took  |>ns-<«-s- 
aiou  of  the  country,  tho  funiier  puHKeHKoris  ik'liveriujj;  the  same  Htury  cunceniiug 
tbeiu." 

tThis  distinction  ronet  lie  kept  in  mind,  a»  /.  o.,  p.  348,  he  ep«>aka  of  "Taat  heaps 
of  stonea"  that  were  "  Indian  gravid,  undoubtedly.'' 
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broiwlest  teruis  iM).ssibl<*.  jind  iiicludevS  all  the  iiieuibtrs  (il  the  trilM- of 
every  age,  size,  st  x,  aud  conditum.  Obviously  his  assertion  is  not 
warranted  by  tlie  luets,  nor  is  it  borne  out  by  the  testimony  of  c'oneiir- 
rent  riters.  So  fnr  iVoni  bcin^  without  any  tradition  <>n  this  &.ubji.-t.'t. 
this  peoj>le  can  be  shown  to  have  liad  several,  or  at  all  events  they  so 
reported.  Thus,  about  the  year  1781.',  Oeonostolo.  who  had  been  for 
sixty  years  cue  of  their  chiefs,  beiufj  asked  by  Uo\ crnor  Sevier,*  of 
Tennessee,  who  built  the  earth  works  iu  their  eounliy,  and  partieu 
Jarly  '*^the  remarkable  fortilieation,"  as  it  is  ealled,  on  the  lliaw  assee 
River,  answered  that  "  it  w  as  handed  down  by  their  forefathers,  that 
these  works  wei'e  made  by  the  whiti\pcople  who  hBd  formerly  inhaliited 
the  ocmntry."  Gcii.  Geo.  1  toners  C]ark,f  who  prabably  knew  as  much 
of  Indian  character  as  an}-  one  who  has  ever  writteu  on  the  snhjei  t, 
says  positirely  that  there  waH  a  tradition  among  the  Oherokees  to  the 
effect  that  the  works  in  their  country  were  bailt  by  their  aocestois; 
and  this  statement  is  borne  out  by  the  chroniclers  of  Be  Soto^s  expedi- 
tion, t  as  well  as  by  the  testimony  of  Adair,  §  who  seems  to  have  had  no 
doubt  by  whom  these  mounds  were  built,  or  for  wliat  purpose,  though 
he  admits  that  some  of  them  were  beyond  the  reach  of  tradition. 

Here  then  in  tliis  one  tril)e,  we  have  several  accounts  of  these 
works.  They  can  not  all  be  true,  and  it  is  possible  that  neither  one 
of  them  maybe;  and  yet  either  one  of  them  is  a  sufficient  answer  to 

"See  k'tttr  of  Gov.  S«'vipr  in  .Sto(Mjir<r<;  Sk'f^he^  of  Lfmtmnvit.  ]».  483:  Phila- 
delphia, 1812.  lieiug  qut'Ktioned  iw  to  \vln»  ihuac  \vhit«?  were,  tlio  old  chief 
replied:  "Tbat  he  bad  heard  hie  grandiiitlier  and  other  old  people  8.iy  that  they  were 
a  people  ealled  the  Welsh/'  etc.  For  a  eummary  of  what  ha«  been  written  about  a 
Welsh  Nntiou  in  Anu'i  ira,  rousidt  cliajiti  r  xvii  ol"  the  iibove  work,  and  also  PrieM^i 
Amn'ican  Jnliqiiities.  jip.  </  Ktq.:  Albany,  1838;  and  bunler's  Uelch  Co/oayt  • 
pumplilet  publi6h«  d  iu  Loudon  in  17^7. 

I  tbink  the  world  is  to  blatuu  to  express  sncb  great  anxiety  to  know  who  it  waa 
that  bnilt  tbese  numerous  and  formidable  works,  and  wbat  hath  become  of  that  peo- 
ple. They  will  find  tbem  in  the  KaBkaskia^,  I'eoriii.s.  Knbokias  (now  extinct). 
Pt:iiik«  slirnvs,  f'hickaHaws,  C'b«'rok»>r<!,  riTid  S'n  li  i.M  nations,  who  Bay  they  };r*'W  unt 
of  the  ground  where  they  now  live,  jind  that  iIic.n  \vf'r«>  fnnncrly  :ts  nnnn  rons  as  the 
trees  iu  the  woods;  but  artrontin^^  the  Gn  at  Sjiirit,  hr  made  wai  among  the  nntiouis 
and  they  deetroyed  each  other.  This  is  their  tradition,  and  I  can  see  no  good  reason 
wby  it  should  not  be  received  as  good  history — at  least  as  good  aa  a  great  part  of 
ours:''  Ms.*<.  of  (Un.  Geo,  K.  Clark,  in  vol.  iv,  Schoolcraft,  Indinn  Trihn  e/ the 
Untied  Slafcfi,  p.  1.^5. 

tin  tbo  'Jinih  Annual  Jk'e]jort  oj  the  I'coho&tj  Mustum  at  Cambridge,  pp.  7-"»  ri  ft^..  I 
have  given  some  of  the  reasons  for  lielieving  that  the  Chernkeea  bnilt  niouuds  and 
earth-works. 

"We  frequently  meet  with  pit  i{  mounds  of  earth,  either  of  a  eirctilar  or  oblonj; 
form,  havinfj  n  stmnj:  lironstwrirlc  .it  a  di^f.iiiro  around  them.matlc  of  fhr  r!riv  -w-bi*  h 
had  Im'cu  dug  uj»  in  lointin^  thf  ditch  on  th<'  iun»!r  side  of  the  inclosed  fironnd.  and 
these  were  their  fortH  of  security  ujfuiuht  an  enemy.  Th  re*  or  four  of  them  are,  in 
Houic  places,  rniseil  so  near  to  luieh  other  an  evidently  for  the  garrison  to  take  any 
enemy  that  pasnrd  between  thom,  Thoy  were  mostly  built  iu  b>w  lauds;  and  some 
.•ire  ovcrspn  a-l  witli  lar^e  tn-.  s.  beyond  the  reaoh  of  Indian  tradition:*'  Bittvrf  ^ 
ih*  Am&rimn  Indiamf  p.  377:  London,  1775. 
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the  8l;iteiiit  iiL  that  the  Iiiditins  hntl  no  tradition  a>t<>the  origiu  of 
these  Htruetures,  or  the  i)urpr).s<'  for  which  f  he\'  wer(»  built.  Nor  must 
it  be  supposed  that  (h«'  Cherokees  were  aloue  iu  ihis  respect;  neither 
were  these  stories  conliiieil  to  ;m.\  one  stock  or  family  of  tribes.  They 
are  tVmiid  ou  both  sides  of  the  Oliio,  and  were  as  current  (and  for  that 
matter  as  vtiried  and  often  quite  as  eoiitra<lietory)  atnou^  nations  of 
the  Huron  and  AljL,^MU|uin  laniilies  as  tliey  were  nmoufr  the  Olierokees. 
In  taet.  it  is  believed  to  be  tlie  exeejKion  to  find  a  singk-  i>roniiiient 
tribe  U\in;r  witlun  the  region  of  the  nionnds  in  which  some  tradition 
on  the  subjiM-t  of  their  origin  was  not  more  or  h*ss  eoniniou.  Whether 
these  traditions  were  true  or  false,  oi*  wfiether  the  event  that  was  pur- 
j)orted  to  b(»  handed  down  was  taet  or  fable,  are  points  whi<di  it  is  not 
necessary  to  discuss.  All  llnit  I  am  ealhui  upon  to  sliow  is.  that  the 
Indians  hatl  traditions,  uo  matter  what  their  character,  upon  this  sub- 
ject; and  in  diung  this,  I  shall  limit  myself  to  a  representative  tribe 
from  each  family,  and  by  way  of  making  the  tradition  as  definite  as 
possible,  will  pick  out  ty[)ical  works  or  groups,  situated  in  different 
portions  of  the  country,  so  that  tbero  can  be  no  donbt  as  to  the  par- 
ticular tribe,  or  the  precise  kind  of  earthwork  that  is  meant. 

First  of  all,  let  ns  take  np  the  monnds  and  indosnres  of  western  New 
York,  and  see  what  the  Iroqaois  had  to  say  as  to  their  origiu.  Accord- 
ing to  one  account,  the  country  ^'abont  the  lakes  was  thickly  inhabited 
by  a  race  of  civil,  enterprising,  and  indnstriouH  people,  who  were  totally 
destroyed,  and  whose  improvements  were  taken  possession  of  by  the 
Senecas.***  The  Bev.  Mr.  Korklaud,  while  on  a  missionary  tonr  to 
this  tribe,  A.  d.  1788,  visited  several  of  these  *^old  forts,''  one  of  which, 
situated  in  Genesee  County,  near  Batavta  (8quier),  and  known  to  the 
Indians  as  the  double-fortified  town,  or  a  town  with  a  fort  at  each  end,'' 
is  thus  described:  The  first  of  these  forts  contained  about  4  acres  of 
ground.  The  other,  distant  from  this  about  2  miles,  and  situated  at  the 
other  eternity  of  the  ancient  town,  inclosed  twice  that  quantity  of 
ground.  The  ditch  around  the  tbrmer  was  about  5  or  (>  feet  deep.  A 
small  stream  of  water  and  a  high  bank  circumscribed  nearly  one-third 
of  the  inclosed  ground.  There  were  the  traces  of  six  gates  or  aventies 
round  the  ditch,  and  near  the  center  a  way  was  dug  to  the  water. 
-  A  con>iderable  number  of  large  thrifty  oaks  had  grown  up 

within  the  inclosed  ^-ound,  both  in  and  ui)oq  the  ditch;  some  of  them 
api»eart4)  be  at  least  two  hundred  years  old  or  more.  -  -  -  Near  the 
northern  fortilit  ation,  which  was  situated  ou  high  ground,  he  ibund  the 
remains  of  a  funeral  pile.  -  -  The  earth  was  raised  about  0  feet 
abf)ve  the  common  surface,  and  betwixt  20  and  30  feet  diameter.  The 
bones  appeared  on  the  whole  surface  of  the  raised  eiirth,  antl  stuck  out  in 
many  places  ou  the  side8."  t    According  to  the  same  author,  Indian 

*  Yatw  sad  Monltos,  Hhtorif  of  Xcw  York,  vol.  i.  p.  40;  New  Yotk,  18^. 
t  MSB.  of  BoT.  Ur.  Kirklwid,  lu  Moalton^e  }>tw  York,  vol.  i,  p.  16. 
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tradition  says  ^'these  works  were  raised,  and  this  battle  was  fougbt 
betwixt  the  Seiiecas  and  Western  lodiaus.  •  -  •  In  this  great  battle 
tiie  Senecas  affirmed  that  their  ancestors  won  the  vietory.  Some  say 
theiranoestors  had  told  them  thercweredOO  of  their  enemies  slain ;  others 
include  the  killed  on  both  sides  in  that  number.  Be  this  as  it  may,  all 
their  historians  agree  that  the  battle  was  fought  where  this  heap  of 
slain  are  buried,  before  the  arrival  of  the  Europeans,  some  say  three, 
some  four,  others  five  lives  or  ages,  reckoning  a  life  or  age  one  hundred 
winters  or  colds."*  Another  tradition  represents  that  these  works  were 
erected  by  the  ancestors  of  the  Iroquois  in  their  wars  with  other  tribes  f 
and  with  the  French4  Assuming  that  these  two  traditions  refer  to  dif- 
ferent  periods  in  the  national  life  of  the  Six  Nations,  they  do  not  conflict 
In  fact,  they  fit  in  together  very  closely,  and  as  Mr.  Squier  has  shown 
that  these  remains  are  but  the  abandoned  village  sites  of  the  recent 
Indians,§  they  may  be  said  to  be  sustained  by  the  traditions  of  the 
Iroquois  as  to  their  expulsion  from  the  region  near  Montreal,  and  their 
seizure  and  occupation  of  central  and  western  New  York.jl 
Proceeding  towards  the  southwest,  we  come  next  to  the  Ohio  system 

*MSS.  of  Kev.  Mr.  KirklanU,  /.  c,  j>.  XK  it  wjll  bo  s«eu  that  tbis  account  leaves 
It  isnoertain  vhether  these  works  were  mooted  by  the  Seneoas  or  the  Western  Indians. 
So  far  as  my  parpose  is  eoncenied,  it  is  immaterial  which  of  these  tribes  bnilt  tbem. 

Tho  following  «xtr;irt  from  Governor  I  K*Witt Clinton  will,however.  clear  up  the  dirti- 
culty :  "Sonif  of  tli*-  .Suiiocaa  toM  Mr.  Kivklainl,  the  misHioimry,  that  those  in  Tlu'ir 
t4jniU»ry  wero  rai»«'<l  by  their  aucestors  in  their  warii  with  the  Western  Indians." 
CoU,  2f»  T.  niti.  8oe.f  vol.  Il,  p.  92.  Cunjpure  Cnslck*a  HUlory  a/  (Ac  /royiNMS,  part 
U,  pnhliebed  in  fichoolcrafVs  India*  Tribu^  vol.  v,  pp.  632  e#  M9. 
tiVefsf  on  the  Iroquois,  p.  412. 

tKuniiorH  Brother  told  Or.  Kiiir;  tli.it  tht-  Tnnund«4  w«'r««  thrown  up  ap^ainst  the  in- 
cursionii  of  the  French.  This  was  about  IHIO,  at  wbirh  time  bt>  wan  94  years  old: 
Drake's  Indians  of  North  Americtt,  fifteenth  edition,  p.  6(U.  There  is  another  tra- 
dition ||;iven  by  Governor  l>e  Witt  Clinton  in  the/ 'of /rcfiojis  o/tfce  N,  T,  Bitt.,  5oc.,  vol. 
II,  p.  9if  to  tho  cftVct  that  "these  works  were  thrown  up  by  an  army  of  Spanianls," 
etc.  T  do  not  Miiuk  it  m-rcs^rrry  tn  >;ive  it  in  the  text,  as  it  i-  ju (ib.tlilf  1  li.i t  ilu' 
tradition  in  a(«  fal.se  a.«*  tiie  ineitt  to  whieh  it  ndntrs  is  inipi (di  ililf.  Ho\v.  \i  r  u 
«my  be  well  to  add  that  Urant,  the  f:imoius  Mohawk  rhief,  in  vol.  11,  p.  iHi.  ui"  ins 
life,  speaks  of  a  tradition  that  "prevailed  among  the  dilferent  nations  of  Indians 
thronghoni  that  whole  <>ztousive  range  of  country^  and  had  been  handed  down  time 
imnienuu iiil,  that  in  an  age  long  goiu*  by  there  eauie  whit<'  men  from  a  fi»reign 
country,  and,  by  consi-nt  of  the  Indians,  established  trading  honH«'s  nn>\  ««( ttlfiiieuts 
when-  tliese  tumuli  are  found.  A  friendly  intereonrne  wa.s  eontinned  for  t*everal 
years;  tnauy  of  the  white  men  brought  their  wiven  and  had  children  born  to  theui 
-  •  -  These  circumstances  at  length  gave  rise  to  jealousies/'  and  the  colony  waa 
ultinnitely  destroyed.  Hrant  exj)re8sed  no  opinion  as  to  the  truth  of  the  tale,  hat 
added;  "tlint  tVorn  th«' vesst-N  iml  t  o.ils  which  had  been  dug  up  in  tb»»se  nuiund"  «>r 
lonud  in  iheir  vieiuiiy,  it  was  evideut  that  the  pouple  who  hod  used  them  were 
French. 

$  Aboriginal  MonnmenU  of  New  York,  in  i$mitk9onia»  Cmttribittiont  to  KnwMfe. 
vol.  ff,  chap.  vi. 

n  Morgan.  Lawwof  the  InKpuif.  p.  5.  Bartram  .Toliu)  ObfercntionM.  etc..  p.  23; 
Loudou,  1751.  t  dden,  J  ti  e  Xa(ijn»,  p.  23.  D«  Witt  Clinton,  L  p.  i*2.  Ueiativm 
•R  r  aaR<fc  IGtiO,  p.  6. 
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of  works,  and  b«re  again  we  have  Hoveral  traditious  as  to  their  origin. 
One  of  these,  handed  down  among  the  Lenni  Lenape— an  Algonquin 
tribe — is  to  tlio  efifeet  tliat  when  they  had  reached  the  Mississippi  in 
tlieir  migration  eastwaid,  they  foiiiid  t\w  country  east  of  that  river  in- 
habited by  a  powerful  natiou,  t  ailed  the  Allegewi,  who  had  many  large 
towns  bnilt  ou  the  ^reat  rivers  Howiug  through  their  Imid.  At  first 
they  jrnve  the  lA^mxi  Lenape,  or  Delawares,  as  we  eall  iheni,  leave  to 
pass  throu.i;h  their  eountry,  and  seek  a  settlenient  further  to  the  east; 
but  for  some  reason  they  attacked  theui  whilst  crossing  the  river,  and 
iuliicted  great  Io.<s  ui)on  them.  The  Lenni  Lenape  then  formed  an  alli- 
ance- with  the  Meniiwe  or  Iroquois,  wlio  were  also  on  their  way  to  the 
east  in  sean  li  of  a  lionie.  and  together  th^-y  made  war  upon  the  Alle- 
gewi, storiiH'd  tlieir  towns  and  I'ortihcariinis,  nnd  tiiially  expelled  them 
from  the  eountry.  Jleckewcldcr,*  to  whom  weaic  indebttMl  for  the  story, 
says  that  he  had  seen  nmny  ot  their  foi  tifu  ;i lions,  one  of  which,  situ- 
ated on  the  Huron  Kiver.  east  of  the  Sandu.sky,  about  (JorK  miles  from 
Lake  Erie,  he  dcscribi  s  as  ronsisting  of  '"walls  or  hanks <*f  earth  reg- 
ularly thrown  iij*,  with  a  dccj)  diteli  on  the  (uitsidc.  -  -  -  Outside 
nf  the  gateway  were  a  numl)cj of  large  tlat  niouuds,  in  which,  the  Indian 
pilot  said,  were  buried  hundreds  of  the  slain  Allegewi.''  In  another 
accountt  w^e  are  told  that  it  was  a  tradition  of  the  Kaskaskias,  I'ianke- 
shaws,  and  other  tribes,  that  these  "fortified  towns."  '•entrenched  en- 
campments," or  "garrisoned  forts,  many  of  tlieui  with  towers  of  earth 
of  considerable  height  to  defend  the  waUs  with  arrows  and  other  missile 
iis  capons,  •  •  -  were  the  workis  of  their  fore&thers,"  who  wei*e  as 
unnieronB  as  the  trees  in  the  wood;  but  that,  having  affronted  the  Great 
Spirit,  ho  made  them  kill  one  another. 

Speaking  of  the  collection  of  moonds  in  the  river  bottom  oi)posite  St^ 
Louis,  just  below  the  old  French  village  of  Oahokia,  one  of  the  largest 
mound  centers  in  the  United  States,  Baptist  Ducoigu,  a  Kaskaskia 
chief,  told  Gen.  Geo.  Bogers  Clark  that  it  was  <^  the  palaace  of  his  fore- 
fathers, when  they  covered  the  whole  (country)  and  had  large  towns; 
that  all  those  works  we  saw  there  were  the  fortifications  round  the 
town,  which  must  have  been  very  considerable;  that  the  smaller  works 
we  (saw)  so  far  within  the  larger,  comprehend<^  the  real  palaace;  that 
the  little  mountain  we  there  saw  flung  up  with  a  basin  on  top,  was  a 

'  nixloriraJ  account  of  fhe  Tvdiau  Xn linns,  ]■!]■>.  2'.^  t(  sr*/.;  }'liil;Hli'l]>1ii:i.  ISl!).  Spo 
also  that  cnrioti*!  mixture  cif  fai  t  ami  liililf,  C  iiHick'N  Hixt'o  i/  <>/  the  <Six  .Saliims.  .lolm 
Ntntoii,  a  Mohawk  chief  (ill  vol.  II  of  i^ifu  uf  .luHepli  Brant,  note  oup.  486:  Albany, 
1866),  says,  "Thorevas  a  trndit-ion  in  his  tribe  that  tliey  wero  eonatracted  by  a 
people  V'ho,  in  ancient  tiinea,  occnpic<l  a  ^'reat  extent  of  coantty,  but  wlio  had  been 
<'Xtirpat«<l;  that  there  had  be»  n  lonj;  and  hloody  wans  hrtwi-en  this  people  and  the 
Vivo,  Niiti«)ns.  in  which  tho  Inttrr  Imd  been  finally  \  i'-torioiis." 

tMlSS.  of  Hvti.  G&oi'ge  Kogt'lf*  Clark  in  vol.  iv  of  t?«"hooh-raft.  Intiiaii  Triben,  pp.  134 

and  135.  See  also  iVSpfeieM  iktJroquoin,  }).  162,  aud  Braokenridge,  Views  of  LouMam, 
p.  185:  Pittabaig,  1814. 
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tower  thateontained  part  of  the  piard  belong in^^  tu  t  he  prince,  as  from 
the  top  of  that  height  they  eould  defend  the  King's  house  with  their 
arrows,"  etc.* 

If  uow  we  cross  the  Ohio,  and  inqaire  of  tlic  Creeks  or  Miiscogees 
as  to  the  origin  of  the  works  that  are  scattered  throughout  their  conn- 
try,  we  shall  tind  that  they  t<N>  ascribed  them  to  their  aiioeBtors^ 
though  tl)ey  differed  as  to  the  parposes  for  which  some  of  them  were 
erected.  According  to  one  accouat  a  certain  class  of  <^  vov  ic  moonds  of 
earth"  were  thrown  upas  places  of  refuge  against  hij^li  u;iter;  whilst 
a  more  j)robable  tradition  speaks  of  them  as  tombs  of  the  dead,  or  j)arts 
of  "an  ancient  Indian  town,"t  possibly  the  sites  of  the  cabins  of  their 
chiefs  and  of  their  coiuicil-houses  or  temples,  hi  1S47.  S('kopechi4 
one  of  the  oldest  Creeks  t]w\\  living,  speaking  of  the  former  ( oiulition 
of  his  trilx",  said  that  tht  y  «'ie<  ted  breast  wf)rks  of  a  cirenhir  slia|>e  tor 
the  protection  of  their  families,  and  that  the  jnoinds  luid  no  (^Kistence 
previous  to  (heir  arrival.  Adair  §  tells  us  that  ''they  l»ad  a  siXH-ial 
name  for  tlidr  oh]  l  ound  earthnii  forts: "  and  liartram.!' si>eaki])g  of 
''the artilicial  iiiouiuisor  ternHM  S.  s<juares and  banks eii'-ii'  liug coiisid 
eral)lo  areas" — the  moniniiciirs  or  traces  of  an  ancient  town  that  nniv 
stood  on  the  east  bank  of  the  ( )( iiiulgcc,  jiear  the  ohi  ti  ading  road, 
adds:  "If  we  are  to  give  credit  to  the  a(  rounts  the  Creeks  give  of  them- 
selves, this  place  is  reiuaikable  for  being  tiie  tirst  town  or  settlement 

*MSS.  of  Qen.  Clark,  7.  c,  ]».  135.   Ho  adds:  "I  had  MtnewheraMen  M>m« ancicait* 

account  of  the  town  of  Kaskaskia,  forniciiy  coutainin|^  10,000  persons.  There  is  not 
DUO  of  that  nation  at  j»reseut  known  1>y  tbiit  iianip.  -  -  -  I  one  (i;ty  *5rt  out  to 
whether  we  could  discover  sigus  of  such  a  |>o]>ulation.  We  easily  and  evidently 
traced  the  town  for  upvardii  of  5  iniliw  in  the  beautifal  plain  below  tbe  present 
town  of  Kahokia.  There  could  be  no  deception  here,  becanae  the  remains  of  ancirat 
Works  were  thick— the  whole  were  mounds,  etc.  -  -  -  Fronting  nearly  the  cent** 
of  this  town,  on  the  heights,  is  a  pinnacle  called  lli.  Suu  ir  ;' Lord),  from  if"  ti«rnre. 
-  -  -  1  at  once  saw  that  it  "wa«  a  hill.  Hhai)e<l  l>y  a  Muall  l»ri>«>k  Wreaking  throuj;h 
the  ^larger)  hill  till  it  bad  formed  a  very  narrow  rid^c.  This  had  been  cut  ucritsa, 
and  the  point  shaped  in  the  form  of  a  sugar  loaf,  perha])a  to  place  an  idol  ors  temple 
on,  aait  < otild  not  lie  more  conspicuous.  It  i.sof  n  vrry  considerable  height, and  jou 
are  oldi<;ed  to  wind  rouutl  it  to  af*t;eud  on  liorsi  l.ack." 

t Hawkins,  Shrlih  of  Crak  Country,  p.  I^S.  Schoolcraft  (vol.  iv,  j).  127\  .|iioiintf 
a  MSfcj.  copy  oJ  tin'  ".Sketch,"  sayH:  *'  They  were  also  designed  to  entomb  tlie  reiuaiiw 
of  their  distinguished  dead."  Bartram  {Tniveh,  p.  522)  says  that  the  Indiana  have 
a  tradition  that  the  vast  four-siiuare  terraces,  chnnlc  yards,  etc.,  at  Apalachuclay  old 
town,  were  ''the  ruins  of  an  ancient  Indian  town  and  fortress." 

} 8fhonl<  raft,  Indian  Trihrs.  i.  p.  'itiT. 

^  Jlifstory  oJ  Soi  th  Jmericun  IndianH,  p.  t>7. 

Ii"0n  the  east  banks  of  the  Ocmulgeo  this  trading  rood  runs  nearly  2  miles  throii;:h 
ancient  Indian  fields,  vrhirh  are  called  tbe  Onnnlgee  fields;  they  are  the  rich  lov 
lands  of  tbe  river.   On  tin-  heights  of  tb«-se  low  grounds  are  yet  visible  monnmeots 

or  trac«'s  of  afi  anch  tit  town,  hucIi  ;is  urtiticial  moinits  or  t<'rjace.s,  s«|uar»"s.  and 
banks,  encirclain  considerabb-  art  ris.  'I'hfir  old  fields  and  plantiiitr  bonl  ♦  xtcii'l  up 
and  down  the  river,  15  or  20  niiku  irom  this  site."  TraveU  through  J  iunda,  p.  54: 
Phihidelphia,  1791. 
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where  they  sat  down  (as  they  term  it)  or  estiablished  themselves  after 
their  emigratloti  from  tlie  West  ,  beyond  the  MiAsissippi,  their  original 
native  country.  On  this  long  journey  they  Auftered  great  and  innu* 
merable  diffleidties,  encountering  and  vanqoishing  nunierons  and  val- 
iant tribes  of  Indians,  who  opposed  and  retarded  their  march.  Having 
crossed  the  river,  still  pushing  eastward,  they  were  o1|[iged  to  make  a 
stand  and  fortify  themselves  in  this  place  as  their  only  remaining  hope, 
being  to  the  last  degree  persecuted  and  weakened  by  their  surrounding 
foes.  Having  formed  for  themselves  this  retreat,  and  driven  off  the  in- 
habitants  by  degrees,  they  recovered  thdr  spirits,  and  again  faced  their 
enemies,  when  they  came  off  victorious  in  a  memorable  and  decisive 
battle.  They  afterwards  gradually  subdued  their  surrounding  enemies, 
strengthening  themselves  by  taking  into  confederacy  the  vanquished 
tribes,''*  These  are  a  few  of  the  traditions  that  have  come  down  to  us 
as  to  tlie  origin  of  these  works,  and  althoiiglu  when  considered  by 
themselves,  they  are  not  perhaps  of  nnn^li  historical  inijiortance,  yet, 
inasmuch  as  the  question  is  not  as  to  thrii  1 1  nth,  but  as  to  their  exist- 
ence, they  answer  my  purpose  as  well  as  it*  e^h  one  of  tliem  were 
founded  on  fact,  and  had  been  handed  down  from  generation  to  gener- 
ation  without  a  break  or  a  blemish. 

In  regard  to  tlic  crefliBility  of  these  ditterent  accounts,  a  few  words 
may  not  be  out  of  place.  As  has  been  said  hol'ore,  they  ean  uot  all  be 
true,  though  there  is  no  reason  why  some  of  them  may  not  rest  upon  a 
basis  of  fact.  Tnke  for  instance  the  tradition,  found  in  some  shape 
ninoii;:^  almost  all  Iribc^;.  fliat  these  works  were  built  by  their  ancestors, 
and  test  it  as  we  may.  it  will  bp  seen  that  so  tar  from  beiiiji:  impossible,  it 
is  rendered  moi'c  than  pi-obablr  by  the  fact  that  somo  of  i  lie  most  elabor- 
ate of  these  remains  can  l>e  shown  to  have  been  erected  since  the  arrival 
of  the  wliitcs.  The  evidence  of  this  is  furnisl^'d  h\'  the  munnds  them- 
selves, or  ratiier  by  their  contents,  and  consists  of  articles  of  European 
manufa^'ture  that  were  buried  with  the  body  over  wliicli  tlie  mound  was 
originally  erected.  As  an  instance  of  this,  take  the  series  of  works  at 
Circleville,  Ohio,  to  which  a  relercnce  has  been  tnade  on  a  precedini; 
page.f    It  is  comi>osed  of  a  circle,  squaie,  ami  mounds,  all  of  whicli  are 

'And  yet»  on  p.  520«  he  tell8  U8  that  the  region  betwenn  the  Savftniia  and  Ocmalgee 

rivers  'Mv:m  pf>ssps.>>«'il  l»y  tin*  ( ■lu'rokt;e8,  isince  theunivid  oftlip  I'liropr.ins,  but 
tlifv  Well' iilti  i  witrdH  (lis|Missos.sod  l»y  tlio  ^fusrojinlgi's ;  nnd  all  tli.it  counti y  was, 
probably,  iimuy  ttgwj  preceding  the  (.'herokeo  iuvaniou,  iniiabitod  by  ouo  nation  or 
CflOfedemcy,  who  were  ruled  by  the  same  eyetetu  of  laws,  customs,  and  language ;  but 
so  ancient  that  the  Cheroltecs,  Crenkn,  or  the  nation  they  «on«|uenMly  eould  render  no 
accuuut  for  what  inirpose  tlivsr  nioniinieuts  were  raisod."  On  p.  45G  the  sanio  st^ite- 
inoiit  i*?  made  in  rogMnI  to  a  jMist  or  roltimn  of  pine,  !<>  JVet  bi;;li,  that  slo«»d  in  the 
town  of  Autii6i^c',  "on  a  low,  ciK  ulur,  artificial  hill,"  and  as  this  polu  c«)uhl  nut  have 
been  standing  for  very  many  generations,  it  is  evident  thai  the  Indian's  aecotmt  of 
what  his  ancestors  did  or  did  not  know  must  1>e  tahen  with  a  great  deal  of  allowance, 
t  Bee  ante,  foot*note  t  on  page  557. 
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so  Joined  together  that  they  must  have  formed  parts  of  one  conneeted 
whole.  Near  the  oenter  of  the  circle  or,  as  it  is  called,  the  round 
fort,''  which  as  we  have  seen,  luid  once  been  inclosed  by  palisades,  was 
a  tamnliis  of  earth  abont  10  feet  In  height  and  Mcveral  rodnin  diameter 
at  its  base.  On  its  eastern  Hide  and  extending?  G  rods  from  it,  was  a 
semidrcnlar  pa^enieut  com|H)Hed  of  pebbles,  sneh  as  are  now  formed 
in  the  bed  of  the  8cioto  Biver,  from  whence  they  appear  to  have  been 
brought.  The  summit  of  this  tumutus  was  level,  nearly  SO  feet  in 
diameter,  and  there  was  a  raised  way  to  it  leading  itom  the  east,  like  a 
modem  tnmpike.*  The  vai  th  composing  this  mound  was  entirely 
removed  in  tlio  presence  of  Mr.  Atwater,  and  there  were  found  lying 
on  the  original  vsuifa<^e  of  the  ground,  and  abinit  20  I'eet  apart,  tlie 
remains  of  two  huraan  skeletons  tliat  had  evidently  hren  burned.  With 
one  of  these  skeletons  there  was  ^^he  handle  either  of  a,  small  sword  or 
a  larjje  knife,  made  of  an  elK's  horn;  around  the  end  where  the  blade 
had  been  inserted  was  a  ferrule  of  silver  which,  thr>ii<;1i  black,  was  not 
much  injured  by  time.  Thoujfh  the  handle  showed  the  hole  where  the 
blaile  had  been  inserted  yet  no  iron  was  found,  but  an  oxide  reniaitied 
of  similar  s1i:i])e  and  size."  \Vith  the  other  skeleton  "  there  was  alar^e 
mirrour  about  .'3  feet  in  length,  1 A  feet  in  breadth,  and  lA  inches  in  thirk 
ness.  This  mirrour  Avas  of  isinglass  (wic«  mcinlmijujcni),  and  on  it  f  was) 
a  phit<' of  iron,  which  had  bocoino  an  oxide;  but  before  it  was  dL:sturbed 
by  the  si»ade  r<'sejnbl(»d  a  phitr  of  east  iron." 

A  quantity  of  ai  ri lieads  and  sprar-points  were  found  with  one  of 
the  skeletons;  but  of  tin  it  is  ntMifcossarv  to  sppak,  as  they  jiroba- 
bly  did  not  dift'er  from  those  that  lie  scattered  about  (■v<  rywhere  in  the 
Ohio  A'alh'v.  and  they  ean  not  therefore  (('xc('))t  indirectly)  throw  any 
light  u]M)n  the  origin  of  these  w«u'ks.  Not  so  however  with  the  arti- 
cles of  ii-on  ami  silver.  These  do  tell  a  story;  and  whilst  thcN-  df»  not 
indii'ate  the  precise  period  t»f  time  when  this  moimd  was  erei-re  1,  yet 
they  enable  us  to  suy,  with  some  degree  of  certainty,  that  it  must  have 
been  subseqm  ut  to  the  arrival  of  the  whites,  for  the  reason  that  the 
nations  that  held  the  Mississip])i  \'alU;y  pri'vit>us  to  that  event,  whetlier 
Mound-builder  or  recent  Indian,  may  in  a  general  way  be  said  to  lia\  e 
been  iinaerpnunted  with  any  metal  exce}>t  native  copper;  and  thi.siluy 
simply  liaiiiMiered  into  shape,  or  possibly  "havinc:  melled  it,'"  they 
"spread  it  into  sheets,'' as  Chumplain  (Votfages,  vol.  ii.  23():  Boston. 
187S)  tells  us  they  sometimes  did,  before  submitting  it  to  the  pro<*ess 
of  malleation.  Of  the  manufacture  of  iron  they  ai)pear  to  have  been 
ignorant;  and  though  the  recent  Indians  were  unquestionably  ac- 
quainted with  silver,  beat  it  into  ornaments,  and  in  all  probability 

"  Archnntoyt"    .i mvrirana  vol.  i.  ]»p.  177,  ft  >Si'<*  also  Sijiiirr,  Ahof.  Mo».  of 

Sen-  York,  p.  107;  >Stotu\  f.i  fr  n  f  I'ranf,  \  tA.  II,  p.  -ISTt,  rind  S<  )if».tlcr.nft .  /  ^Of?  }fim'Ji 
of  MinHoiiri,  p.  274,  for  notire.s  oi  other  inouuilti  that  have  l»eeu  l»uilt  in  tbe  State  oi' 
Ohio  within  eomparatlTely  recout  times. 
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sometimes  overlaid  copper  with  it.*  yet  the  evidence  of  its  use  is  rela- 
tively so  sliffht  as  scarcely  to  merit  reco^^uitiou.  Upon  these  points  all 
archaeologists  are  agreed;  and  wlien  tlierefore  we  are  told,  upon 
authority  that  has  never  been  questioned,  that  implements  of  iron  and 
silver  were  found  witli  the  charred  bones  of  a  person,  over  whose  re- 
mains a  most  elaborate  mound  had  been  erected,  it  is  proof  positive  (»f 
the  recent  origin  of  this  particular  mound,  and  inferentially  of  the 
group  of  works  of  which  it  formed  a  component  part.  There  is  no  es- 
caping this  conclusion  except  upon  the  theory  that  the  people  who 
erected  these  works,  supposing  them  to  have  belonged  to  a  different 
race  from  the  Indians,  were  acquainted  with  the  use  of  iron  and  silver; 
and  to  admit  this  is  virtually  to  re<write  the  archfeology  of  the  Missis- 
sippi Valley. 

Nor  is  this  the  only  instance  in  which  objects  of  European  manufac- 
ture have  been  found  under  such  circumstances  as  to  indicate  that  they 
were  used  by  the  people  who  found  shelter  behind  these  earthen  walls. 
In  Tennessee,  near  Murfreesboio,t  similar  discoveries  have  been  made, 

•  "One  of  them  had  haugiug  ul>oat  his  neck  a  roiiml  plato  ot  rod  oopjMjr,  wull pol- 
ished, with  A  tmiill  on«  of  ailver  himg  hiftbe  middle  of  it ;  and  mi  his  ft  small 
piste  of  copper,  with  which  they  wipe  the  sweat  away  from  their  bodies:"  Ribanlt 

(11102),  in  HM.  Cult,  of  Lou'miuna,  p.  17S:  New  York,  1875.  Hotli  Ribanlt  and 
L.amlontn"<  r<'  make  repcatotl  mt  nfion  ol'  Hilvrr  atid  <>v<'!i  <jol(l,  Imt  flic  latter  writer 
(Ilakliivt,  vol.  Ill,  p.  369)  telk  uh  that  it  i^  "gotten  unt  ul  tho  .shipper  that  are  lust 
upon  the  coast,  as  I  hftvennderBtood,  by  thesauagus  themselnes.'^  Hariot  (Hakluyl^ 
▼ol.  lily  p.  London^  1810),  speaks  of  "two  small  pieces  of  silaer  grosly  beaten 
-  -  -  hanging  in  the  ears  of  a  Wiroaus;  -  -  •  of  whom,  through  inquiry ,  -  -  - 
I  learned  th.it  it  li.td  come  tn  his  hainls  from  the  name  phice  or  noere,  where  I  after 
underHtoud  tlie  copper  won  uiaile,  aii<l  the  wliite  graineu of  nietall  fotintl.  J  he  al'ore- 
sayd  copper  we  also  found  by  tryall  to  holde  siluer.''  Ju  this  couuectiou  the  copper 
"bosses  overlaid  with  a  thick  plate  of  silver/*  found  by  Dr.  Hildxeth  in  amoiwd 
atSlarietta.  Oliio,  Ix  ronies  of  interest.  Jadge  Force,  to  whom  I  have  8o  often  had 
occasion  to  n  l'cr.  rxainined  one  of  tbeMC  sjtecimens,  and  tells  ns  (To  ich'ff  T'mi  did 
the  Mimnd-htiildi  1^  Hi  lomi.  p.  tH).  that  *' it  is  native  copper  bamniereii  int«>  Hhape." 
He  al.so  ad<l8  that  '  in  the  Lake  .Superior  mines  silver  is  i'ouiid  iu  cuuucction  with 
the  copper,  and  the  miners  there  now,  taking  atlvantago  of  good  specimens,  hammer 
them  into  rings,  with  the  silver  on  the  exterior  surface,  making  copper  rings,  silver* 
plated  hy  nature,  prccisi-ly  as  the  Moimd  lniihler  artisan  ilid  who  made  the  hn^s  at 
Marietta,"  and  we  iit:iy  siihl.  the  f  lorida  Indian  iliil,  whn  luarlc  th<'  ornaiiu  ut 
spoken  uf  hy  Bihauli.  in  anotli«-r  mound  at  Miirietta,  liuil  a  mile  east  oi  Mie  earth> 
works,  was  found  a  stiver  cup,  evidently  not  of  Indian  workmanship,  which  School- 
craft {Lmd  3/inr«  of  Miemurif  p.  274:  Mow  York,  1819)  d^cribes.  It  belonged  to 
a  Mr.  llilh  of  Cahokia,  an«l,  ncionling  t*»  that  genth-man.  had  heen  hrought  to  light 
by  the  i^r:ihijil  Avashing  away  ol  tlir  inoinid  l>v  a  small  streani  wliieh  ran  at  it^ha.so. 

t  Dans  i'angle  uord-uucnt  du  comt4>  de  Franklin,  au  coullueut  du  ileu.v  branches  Iej$ 
pins  m^rlttionales  du  Dnck,  on  voit  les  ruines  d'un  vieuz  fort  indlen,  iiomm<^  StoHt- 
Forif  qui  couvre  nne  4^tcndne  de  trente<dettx acres.  •  "  -  A  la  distance  d*un  demi> 
mille  <  ii\  iron  an  nort  et  an  nord-onest.  Ton  rencontre  deux  tertrof^,  dont  Tun  a  cent 
pieds  de  liitigueur  et  vingt-ciini  di-  hmitr  uv  sur  vingt  de  l!iry:eMr.  et  I'aiftrc  ^oixante 
piefU  de  longueur  et  vingt  de  hauteur  sur  dix-huit  de  largeur.  On  voit  croitn*  sur 
les  murs,  comme  sur  les  tertres,  des  arhrcs  aunsi  grands  que  eeux  des  Ibr^te  voisincs. 
On  a  dtfoonvort  i^ceniment  dans  un  de  ces  tertres  un  sahie  do  deux  pieds  de  long,  qni 
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wliilst  ill  N«'w  York*  and  FloriUii  lliesL-  tiiids,"  as  they  are  coiiiinoiily 
called,  have  been  so  frequent  lis  touiake  it  uuneeessary  to  refer  to  them 
in  detail,  and  I  content  myself  with  the  following  extra*;!  from  the  foar- 
teenth  annual  report  of  the  Peabody  Muaeuin,!  which  it  i.s  DeedleKs  to 
say  U  heartily  indorsed.  Speaking  of  nonu^  diacoveries  made  by  Dr. 
David  Mack,  jr.^  in  the  C4>urse  of  his  exi>1orationH  in  Oraii;;e  County, 
Fla.,  Mr.  Putnam  holds  the  following  emphatic  language :  Ono  group 
of  monnds  was  inclosed  by  an  embankment,  and  was  very  likely  the 
site  of  an  Indian  village.  In  a  burial  monnd  in  thin  gitiap  a  number  of 
ornaments  made  of  silver,  copper,  and  brass  were  found,  also  gla»K  beads 
and  iron  implements,  which  were  associated  with  jKittery  and  stone 
implements  of  native  make.  This  fnmishes  conclusive  evidence  that 
the  Indians  of  Florida  continued  to  build  mounds  over  their  dead  after 
European  contact;  for  the  cai'e  with  which  the  exploration  was  luade, 
and  the  depth  at  which  the  skeletons  and  their  associated  objects  were 
found  are  conclusive  as  to  the  burials  being  the  original  ones  and  not 
those  of  ,aE  intrusive  people.''  It  is  unnecessary  however  to  pursue 
this  branch  of  the  subject  any  farther.  The  instances  quoted  above, 
admitting  them  to  be  true  (and  I  do  not  sec  how  it  can  be  doubted), 
prove  very  desurly  the  recent  origin  of  the  i)articular  mounds  and  works 
to  which  they  refer.  To  increase  the  number  of  such  extracts  is  simply 
to  accumulate  evidence  upon  a  point  about  which  there  can  not  be  two 
opinions. 

Having  thus  cleared  our  ininds  of  some  of  the  illusions  in  which 
this  subject  has  been  enveloped,  let  us  now  turn  to  tlie  early  chroniclers? 
and  see  what  they  really  do  tell  us  of  the  origin  of  these  works.  In 
examhiing  into  this  evi<lence,  the  division  heretofore  made  of  the^se 
remains,  into  mouiuls  and  endjanknieuts  or  inclosures,  will  be  adhered 
to,  though  the  Older  in  which  they  are  to  bo  taken  up  will  bercverseil. 
and  the  mounds  will  be  rirst  coiisidered.  These  Mill  be  treated  under 
the  heads  of  (1)  Stoiu;  he:i]>s  or  cairns;  (if)  Cf)nic:il  mounds  cd'eai  ili  or 
burial  monnds,  and  (3)  'rnincaic d  or  temple  mounds.  Therr  an-.  (»f 
course,  other  divisions,  but  tor  my  iiurpose  these  arc  bclics  cd  to  Ix- 
suflieicnt,  as,  with  tli"  <'\i  <  jiiion  at'  the  animal  mouudN  about  whit  li 
nothing  deiinit^  is  know  u,^  ail  the  rest,  so  far  as  size  and  mode  uf  con- 

diff^re  par  la  fonne  d«  toutM  1m  annea  de  cettc.  Mp^ce  dont  on  se  aoit  wrvi  depais 
r»nriv^ft  dM  Euro|M'CMis.  l>»>s  debris  de  vuiKHcllc*  ot  pluHiours  lirique-s  entiisrvs  de 
n«'nf  fiotirM'H  prirr«^H  et  «le  tmi^  ponces  «rr']»iUHi-iour  out  ot^*  trouv«'8  atl  m^me  lieu:'^ 
VVanlrn,  AntuiuitU^i  de  V  Amt'i  ufiie  Stptcnirionalr^  ]k  '>!  :  Paris,  1S27. 

•  For  uu  account  uf  these  \vt>iiwi»  see  S«'hool«TaH ,  Xuies  on  tlw  Jruquoin,  Clurk's 
Onondaga,  and  Squier,  Abori^nnl  Monninonts  of  New  York,  in  vol.  Ji.  ^ilkwmkm 
Conifib»tiou»  to  Knottledge. 

t  Page  17,  Caml»ri<lj;e,  1H81.  Set' also  llfpnri  SmHhsonian  InvlitulioM  Tot  1S7T.  )>[». 
298  nnr>;  JntK  iftti'iti''ti<  of  thr  Smithrrn  Indian*,  p.  131,  and  Tweyth  Annual  Ho- 
port  of  the  J'tah<niy  Miixi  uin,  iu  vol.  ii,  ji.  -ItiS. 

t  Unless  the  explanation  givon  in  that  ourions  book,  "  The  Tradltiona  of  Deeoodah," 
ahonld  be  accepted  as  authority,  and  this  la  acarcely  adyisable  in  the  |«eiant  ttMe 
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stroction  are  t'oiK^emetl,  may  be  brought  uader  one  or  the  other  of  these 
heads,  tliougk  it  is  not  intended  thereby  to  assert  anything  as  to  the 
objector  piu'pose  for  which  they  were  erected,  except  in  so  far  as  it  is 
made  known  to  m  by  the  authorities  to  whom  a  reference  may  be 

uece8sai,\ . 

First  Beginning  with  the  stone  heaps  or  cairns,  we  are  informed 
that  they  were  either  intended  to  commemorate  some  notable  event)  as 
a  treaty  of  peace,*  a  victory,  the  settlement  of  a  village,  the  passage  of 
a  war  i>arty,t  or  else  they  were  thrown  up  as  landmarks,  or  as  me- 
morials over  the  dead*!  They  seem  to  have  been  very  widely  distrib- 
uted throughout  the  area  of  the  TTnited  States,  as  they  are  to  be 
found  as  far  to  the  eastward  as  l^ew  England;  §  they  are  more  or  less 

of  our  knowledge.  Tiio  only  Htatt'iiiftit  tliat  i  liiid  lu  auy  of  tha  early  chioiuclorM 
whicb  can  powibly  be  tiouBtrtted  into  a  reference  to  theae  monnUs  is  in  Charlevobc 
(  TmteUf  vol.  ii,  p.  48),  and  even  in  tliie  case  it  can  only  be  so  cnnBtmed  by  mppoHng 
that  by  "  tlio  gie.it  biM\  <T  "  is  meant  tho  "  beavor  "  geiis  of  somo  tribe.  Charlevoix 
tliero  HpcalvH  of  a  nuxuitaiti,  m-ar  Lake  Xipissing,  iii  the  shape  of  a  beaver,  and  says: 
''The  IndiauH  niuiutuiii  that  it  was  tho  great  he^tvur  who  gave  tUifl  forui  to  the 
mountain  after  be  had  made  choice  of  it  for  his  bntial  place.  They  never  pass 
-  -  -  without  offering  him  the  smoke  of  their  to1»acco." 

*Bev«rly,  Virginia,  book  iii,  p.  27:  ''Thoy  use  formal  embassies  for  treating,  and 
very  ceremonious  ways  in  conehidiii"^' of  jx'tcc,  or  else  some  oth«  r  jnenmrablo  action, 
Huch  as  burying  a  tomahawk  and  raiding  an  heap  of  stout5«  thereon.  '  Hriuton,  in 
Anier.  Autii|uarian  for  October,  1$81,  ([uoting  Blomes,  snjs  of  the  tribes  south  of  the 
Savannah  river,  **  that  they  erected  piles  or  pyramids  of  stones  on  the  occasion  of  a 
snccessfal  conflict,  or  when  they  founded  anew  village.' 

*  **  We  ohsorvrd  a  pile  of  stones,  -  -  whi<  Ij  I  was  informed  had  b<  i  ii  thrown 
up  as  a  nionuinent  by  the  ( >.sa;;e>*  w  Inn  tlif  v  were  goiufrU*  wjir,  eaeh  warrinr  c  a.stia^ 
:i  st«»no  upon  the  pile:"  NuttaJl,  Irkanca  leri'ttortj,  p.  149:  Thiladelphia,  1821. 
This  may  Lave  been  merely  a  "landmark:"  Our  Wild  IndiaM^  by  Col.  Dodge,  p. 
657:  Hartford,  1882. 

}  "To  perpetuate  the,  memory  of  any  remarkable  warriors  killed  in  the  woods,  I 
must  hero  observe,  that  every  Indian  traveller  as  tic  |)ass.  s  tliat  wny  throws  u  stone 
on  the  place,  according  as  he  likes  or  dislikes  the  oci  usion  or  manner  of  the  death 
of  the  deceased:    Adair,  p.  184. 

$  Mountain  Monument,  in  Berksbire  County,  Mass.,  is  so  called  from  the  fact  that 
atitssonthern  extn  mity  is,  or  was  a  few  yeam  Since,  a  pile  of  small  stones,  erected, 
according  to  tra<lit!i.n.  in  ntemory  nf -i  u-oinau  of  tlie  Stockbridj^o  tribe,  who  Ivilled 
herself  by  leapin<5  Irom  tbe  precipice:  "  \V.  ('.  Bryant,  Soten  to  Pnrmt*:  I'liiladel- 
phia,  li^lO.  According  to  the  Amer.  Journal  of  Svicntr,  vol.  vii,  p.  159,  mention  is 
mtido  in  Dr.  Dwight*s  Trareh  in  ConneclieHl,  etc.,  "  of  two  of  tbem  stone  tumuli, 
which  appear  to  have  been  erected  over  offenders  against  ili>^  law.'"  St^e  also  Abo- 
riginal Mon.of  New  York.  ]>.  160,  for  an  aetMnnit  talvcn  from  lIopkins'sMcumir  cC  tlic 
llonsatonie  Indians,  of  tbf  erection  of  "a  l:4rj^o  henj)  of  st.mes,  -  -  -  prol)ahiy 
10 cart  loads,  in  the  way  to  IVanlilukook,  which  the  Indians  have  thrown  together  as 
they  passed  by  the  place;  for  it  nsed  to  lie  their  custom,  every  time  one  passed  by, 
to  throw  a  stone  upon  it,"  et«*.  I  must  confess  that  I  don't  know  where  this  cairn 
was  situated  or  when  it  was  built.  an»l  it  does  not  much  matter,  as  from  the  name 
of  t?if»  tribe  it  is  evident  fhcy  were  of  \t>w  Knglaud  origin.  See  also  Pnniian, 
Oriym  oj  rrimitiie  Siqirrniitioiin,  p.  185:  Pliiladelphia.  IHHl,  and  Haven,  in  vol, 
VUI  of  SmWwmian  Ceatriftaftoafl  to  Knowlvdiji,  pp.  31,  et 
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numerous  in  New  York,  •  throughout  the  Ohio  Valley,  t  and  tlic  States 
still  fiirther  to  the  south^  whilst  iti  the  West  they  are  kuowa  to  have 
been  orocted^  withia  the  present  generation^  by  tribes  living  in  the 
Rocky  Mountains  and  the  Sierra  Nevadas.^^  In  point  of  size  there  Is 
a  wide  difference  among  tliem.  A  large  minority  consists  of  not  more 
than  ^'two  or  three  cart-loads  of  stone,"  though  Squier  speaks  of  one 
situated  near  the  Indian  trail  that  led  from  the  Shawnee  village  at 
Chillioothe  to  the  month  of  the  Scioto  Biver  as  being  rectangular  in 
shape,  and  originally  quite  symmetrical  in  outline,  and  measuring  106 
feet  long  by  60  broad,  and  from  3  to  4  feet  high.jl  Where  intended 
as  raemoriji^  of  the  dead  they  are  sometimes  pUed  up  over  a  single 
corpse,  or  they  may  serve  to  mark  the  site  of  one  or  more  of  those 
general  interments,  when  the  dead  of  an  entire  village  or  a  clan,  for  a 
number  of  years,  were  collected  together  and  buried  in  one  common 
grave.^  This  latter  form  of  burial  was  not  confined  to  any  one  fiunOy 
or  stock  of  tribes,  but  seems  to  have  been  common  to  all,  and  was 
always  attended  with  great  ceremony. 
The  Jesuit  Fathers  Breboeuf**  and  Lallcmaut  ft  give  uh  very  full  and 

*A  pile  ot  HtoneN.  -  -  -  Iinliau  tradition  saya  that  a  Mohawk  murdered  a 
brother  (or  two  of  them)  on  the  »pot,  anil  tlint  tbin  tnoinluft  was  encM.  to  com- 
memorate the  event.  -  -  -  They  all  cast  a  etone  upon  the  pile: "  Howe,  HMwi' 

Cal  Collprtions  of  Xew  I'orA",  p.  278:  New  York,  IK42. 

\  Archil  (ihiiiht  .Imfftnirtfr,  vol.  1,  pp.  llU-l>^i.  .tin.  Mmi.^if  Ih'  Miiisi9»lppi  Vulhy^ 
p.  184,  t^oe  alsti  a  note  to  p.  362,  vol.  ii,  Jicim  tn  of  the  i'eabody  Mmeum:  Cam- 
bridge, 1880. 

t'*  Seven  heaps  of  stones  being  momuueuta  of  seven  Indisus  alain  by  the  SiDn»> 
gars:''  Lawson,  Carolina,  p.  41.  Soo  also  JetlVMf«ou,  X<>te»  on  Virginia^  p.  I'M.  and 
Jouc^.  .liitiqiiiiii  't  uf  tk9  Southwn  lndian$fj*.  127,  for  anaooonntof  anch  oairos  m 
Virginia  ami  ( ii  ov^ia. 

$  Yarrow,  Mortunry  Cmloms  of  the  Xorth  American  indiauft,  p.  48;  Washiugiuu, 
1880.  See  also  VniM  State§  Geograpkieal  Survejfii  weatof  the  100th  meridian,  vol. 
VII,  pp.  392  and  394.  One  of  these  cairna  was  ^  feet  long,  20  broad,  and  10  feet  high, 
and  covered  the  bodj'  of  a  warrior  f-allert  by  the  >fnnnon8  Nabhynnnrk.  See  also 
Itcconnohsanec  of  Xorthtrcsh'ni  l\'iiomhui.  by  ("apt.  .lones,  U.  8.  Artiiy,  p.  276, 
wLero  we  are  told  that  among  the  Shushoncs  the  dead  are  usually  buried  in  shal* 
low  graves  and  covered  with  a  low  moand  of  loose  atones." 

II J ttc.  JfoN.  ifia«.  Valley,  p.  184. 

HCol.  C.  W.  Jenrk('s,  8Ui»eiinteudent  of  the  Cornudtnu  niinoH  in  western  North 
('ar'ilina,  say.s :  "  We  have  Indians  all  abo»it  iis  with  tnulitions  <'xti'n<liiiLr  bark  for 
five  hundred  years.  In  thi^  time  they  have  buried  tiieir  dead  under  huge  piles  of 
Btonen.  W'e  have  at  one  point  the  remains  of  600  warrior.s  under  one  pile:"  Foj»ter, 
PrehiBioric  Eate»,  p.  149:  Chicago,  1873.  As  the  Cherokees  had  held  the  region 
where  this  eairn  was  situated  from  tnne  innnemorial,  thi^  was  jirobably  one  of  their 
graves.  That  they  did  bury  their  dea«l  in  this  fashion  maybe  infern-dfrom  asTnt*"- 
ment  of  Adair,  who  tells  ly^.  in  a  note  to  p.  IS."*,  that  '•  the  (  beoiake  <lo  not  now  col- 
lect the  boue«  of  their  dead,  yet  they  continue  to  raise  and  multiply  heapM  of  stones 
as  moniimenta  of  their  dead."  See  also  Ane,  Jfon.  of  the  .Vt««.  ralley,  p.  184,  for  aa 
accunnt  of  a  similar  intormont  in  I'ickaway  County,  Ohio. 

'  ■  Hrhitinti  t  it  Vmtnn  lti:>«>.  «  hai>.  viii  and  ix:  Quebec,  1858. 

tt  HelatioHf  a.  d.  1642,  pp.  U4  H  9eq. 
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interesting;  accounts  of  tlie  iiiauuer  iu  wliicU  these  lunnaKs  were  von- 
dncte<l  amoii^  tin'  Hunm  and  Alf?(m<iniii  tribes  of  the  iiortli;  and  the 
tre<iaent  nientioa  mado  of  tlie'(;iist4>in  of  the  Indians  sontli  of  the  Ohio 
of  i)reserviufj;  the  Ixtiies  of  the  dead  '  leaves  no  donbt  as  to  the  preva- 
lence of  this  form  of  interment  thronjihout  all  tliat  re^^ion,  from  tlie 
tiujet>f  De  Sotot  down  (<»  a  comparatively  rceent  period,  even  if  there 
were  not  other  and  positi\e  e\  i«len<'e  of  the  laet.  It  is  w  orthy  ol"  note, 
liowcver,  that  neither  one  of  the  Jesuit  fathers  nann-d  makes  any  men- 
tion of  the  erection  of  a  mound  or  eairn  ni)on  the  occasion  of  one  of 
these  general  burials,  or,  in  fact,  at  any  other  time,  though  Morgan, 
siieaking  of  the  funeral  customs  of  the  Iroquois,  is  o{  the  opinion  that 
the  barrows  and  bone  mounds,  which  have  been  found  in  such  num- 
bers in  various  parts  of  the  country,"  are  to  be  ascribed  to  the  practice 
of  disposing  of  their  dead  iu  this  fashioD,  and  this  is  couilnned  by  De 
Yries.  X  Be  this  as  it  may,  there  seems  to  be  good  ground  for  the  asser- 
tion that  some  of  the  tribes  belonging  to  the  Huron-Iroquois  family 
were,  at  onetime  and  under  certain  conditions,  in  the  habit  of  erecting 
stone  heaps  over  the  single  graves  in  which  their  dead  were  temiiorarily 
deposited.  Lafitaaf  states  the  fact  positively,  and  Adair  ||  tells  us,  on 
the  authority  of  "a  gentleman  of  distinguished  character,"  that  the 
Mohawks— one  of  the  Six  Nations — ^^vere  accustomed  thns  to  honor  their 
dead.  From  other  sources  we  learn  that  the  Onondagaa,  another  mem- 
ber of  the  same  confederacy,  whenever  they  lost  a  friend  away  from 

"  Bartrau).  y> VH  eV*.  i».  514.  A<lair,  p.  181^.  Lawson.  p,  182.  Dn  Pratz,  vol.  n,  p.  214, 
Beverly,  hook  iii,  p.  29.  Bosau,  Traiuh  through  Louiaiana,  vol.  i,  p.  298:  London, 
1771.  Bernard,  RomaoB,  pp.  89, 90. 

t  Knight  of  KIvos,  in  Hitt,  Coll.  q/  Lot^Biana,  part  ii,  p.  125.  La  Vega,  Htttorie  de 
la  Floride,  pre1ui^r•  partie,  pp.264  aeq.,  and  aeconde  partie,  pp.39  tt  $eq.:  Paria 
1709. 

t  League  of  tlw  Jroquoi»,  "1  have  seen  at  the  north  (Fort  t)nmge),  great 

maltitudM  of  Indians  assembled,  who  had  colleeted  together  the  bones  of  their  au> 
destors,  cleaned  them,  and  bound  them  up  in  small  bundles.  They  dig  a  square  grave, 

the  siM  and  length  of  a  person.  -  -  -  They  then  bury  the  bones  in  the  <{rave, 
with  a  varrol  of  Zcewan,  and  with  arrow«,  l<»'tth"t,  Ivnives.  ]»;jpAr,  and  other  kiiirk- 
knackti,  whi«  hare  held  in  great  esteem  by  tlieni,  and  cover  them  with  earth,  and  place 
palisades  around  them  as  before  mentioned.'*  The  "as  before  mentioned'*  refere  to 
a  grare  that  was  "seven  or  eight  feet  in  the  shape  of  a  sugar-loaf."  De  Yries,  Foy» 
ngen,  ]>.  l&l :  Now  York,  18&3. 

^"T.fMirs  fo<sffl  «soiit  d'^  jx't itt'-i  logen  creusr-es  en  rond  conmio  des  puits ;  - 
on  les  tiatTr  »mi  dedanH  dn  t«)UM  eoles  aver  dos  rcon-es;  et  apri'8  y  avoir  log<5  le  eada- 
vre,  on  y  lait  iine  v<mte  presque  an  niveau  du  sol  avec  des  <''corce8  semblablcs,  et  dea 
pieux  qu'  on  charge  de  terre  et  de  piorres  &  uneeertaine  hauteur,  qui  fltaussidonner 
k  cee  tombeanx  les  noms  d'  Agger  et  do  Tumulu* : "  Moeun  de*  Sanraget  Ameri' 
quaifii*,  v(d,  II,  p.  4111. 

It  "Many  of  these  hr>a]iH  an-  t»i  'u*  nceii  in  all  |);irt.s  of  tli<  (  oKtiiKiiT  of  Nortli  Auierir:i. 
-  -  -  Although  the  Mohawk  Indiana  may  he  reasonahly  expected  to  have  loaf 
theit  idrimitive  oustonis.  by  reason  of  their  great  intereonrse  with  foreigners,  yet  I 
was  told  by  a  gentleman  of  distinguished  charaeter  that  they  observe  the  aforesaid 
sepulchral  custom  to  this  day:"  Jforth  American  Judiant,  note  to  p.  185. 
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home,  bin  liim  with  frrent  soleiuiiity,  and  ever  after  when  they  passe«l 
tliiit  way,  visitid  the  npot,  usually  ringing  a  luournful  soug,  and  east- 
ing stones  uiM)!)  if.'"* 

Among  thi' trilx's  of  the  A1irnn(|uin  family,  as  wi  ll  as  among  tliosi- 
inhabiting  the  Gult  ^States,  and  uliii  h.  lur  the  sake  of  eonvenience,  we 
have  ealled  the  Ai)palaehians,  theciustofn  of  ereeting  these  stone  heaps* 
or  eairns  seems  to  have  l>een  more  or  h'ss  incvalcnl.  Vander  DiMiek 
tells  us  that  the  Indians  of  New  Netherlands  bui  ied  in  graves,  above 
which  "they  placed  a  large  pile  of  woo<l,  stone,  or  earth,'"  and  around 
thift  **they  plaeed  palisades  resembling  a  snmll  dwelling.^ t  lu  Vir- 
ginia, according  to  Capt.  Smitb,  the  Powhatanie  tribes  had  certain  altar 
stones  which  stand  "apart  fcom  their  temples,  some  by  their  hotujes; 
and  others  iu  the  woods  and  wildernesses;  where  they  have  had  any 
extraordinary  accident  or  encounter.  As  you  travel  by  them  they  will 
tell  you  the  cause  of  the  erection,  wherein  they  instruct  their  ehit- 
dren;  so  that  they  are  instead  of  records  and  memorials  of  tlieir  au- 
tiquities."}  ^  Lawsoif  s  account  of  his  journey  through  the  Carolinaa 
he  speaks  of  a  "  sort  of  tomb;  as  where  an  Indian  is  slain,  in  that  very 
place  they  make  a  heap  of  stones  (or  sticks,  where  stones  are  not  to  be 
found);  to  this  memorial  every  Indian  that  passes  by  adds  a  stone  to 
augment  the  heap,  in  respect  to  the  deceased  hero."!  The  Cherokeeis, 
as  we  have  seen  above,  also  buried  their  dead  in  this  same  manner;  [| 
and  among  the  Ghickasaws,  Choctaws,  and  tribes  belonging  to  Hie 
Greek  confederacy,  with  whom  Adair  lived  and  traded  for  so  many 
years,  it  was  not  unusual,  in  the  woods,  "  to  see  innumerable  heaps  of 
small  stotjcs  in  those  places  where,  aceording  to  tradition,  some  of 
their  distinguished  ])e<>i)le  were  either  kilh'd  or  buried  till  their  bones 
could  be  gathered;  there  they  add  PcHon  to  (><«a,  still  increasing  each 
heap,  as  a  lasting  monument  and  honor  to  them  and  an  incentive  to 
great  actions."^ 

Among  some  of  tin-  tribes  living  to  the  west  of  the  Mississippi, 
especially  those  iuhabitiiig  portions  of  the  region  now  known  as  the 

J.  V.  H.  Clark,  Onondagoy  vol.  X,  p.  52:  Syriwose,  1819.  Hr.  Clark  seems  to  hare 
derivetl  his  informatioii  a«  to  the  former  euatoms  of  the  Ouondagaci  Arom  the  arconiit 

furnished  by  Kort  (so  lu-  wrote  bis  »\\\\  nainf'  ).  ju  in'-ipal  rliirf  of  the  Ouon(la;;as, 
.•viid  *' l?<'»'}»f>r  of  the  roinicil  fin-  of  ihv  Si\  X;itions."  wlio  ilie«l  Ortohcr^,  isis.  M  i- 
cauley,  Scit  York,  vol.  n.  p.  I.';i9,  says:  '*  Sonu'tiiiK's  they  raised  heaps  of  stones  ovf-r 
the  bodies  of  distiuguinhocl  chiefs."  but  ho  docs  not  gtvu  Uis  antbority  for  the  state- 
ment. 

t New  York  HiuL  Coll.,  new  series,  Tol.  i,  p.  2(18.  Tbeee  Indians  wen^  I.enni 
Lenapf.  or.  ns  f«fi|]  them.  Delaware^,  and  their  <  on;retier».  Kxeepttliat  >«;ttn1  was 
useil  inHt»;a«l  ol  ^loIleK  or  earth,  the  Indians  of  Plymouth.  MtiRs.,  prol»ab!y  buried  in 
uiueh  the  Kamc  uiauuer.  t?ec  Pur<  ha«  J'ihjrimH,  vol.  iv,  p.  1847,  where  the  Hame  com- 
parison—"of  the  i«Tnvti  to  an  Indian  honee'— is  used. 

t  rurcbaaPi/r/ri/«'<.  vol.  IV,  p.  1702. 

\>  Ilixiorij  of  (UiroVwu,  jt.  22:  London,  171S. 

II  Itartram.  Tranh.  ji.  :H8.    Adair.  nol<-  to  p.  185. 

H  Iliit.  of  jSorih  Jiiwkan  Indiant.  p.  lJS-1. 
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States  of  Missouri,  Kansas,  and  Arkansas,  tliis  sumo  rnstoni  is  said  to 
have  obtained.  The  Osag^es,  as  is  rlsewheio  stated,  (  roc* ted,  on  one 
oocasiou,  a  pile  of  stones,  as  a  monument,  when  tl  ev  were  fcoing  to 
warj  and  if  we  may  credit  the  aeconnt  jjiven  by  Iluiitcr  of  the  man- 
ners and  customs  of  this  aud  some  otlu m  Western  tribes,*  they  sonie- 
times,  at  or  soon  after  burial,  cover  tlie  irraA  e  with  stones,  and  tor 
years  aft«r  fM-casionally  resort  it,  and  iiiourn  over  or  recount  the 
merits  and  virtues  of  its  sih^nt  tenant/*!  This  was  not  however  the 
only  lonn  of  interinenr  ])rae.ticed  among  them,  ;is  we  are  told  that  "this 
ceremony  was  perl'ormetl  differently,  not  only  by  different  tribes,  but 
by  the  individuals  of  the  same  tribe,  -  -  -  the  bo<ly  being  some- 
times placed  on  tlie  snrface  of  the  ground,  between  tlat  stones  set  edge 
upwards,  and  then  covered  over,  tirst  by  similar  stones,  and  then  with 

*  **  Wli»t  rimalat  to  be  s^d  of  the  Indians  relstM  moiepArtieulurly  to  theOsafeoy 

aUhoiigli  it  will  apply  with  almoet  as  much  proprio^  to  the  KMwas,  Mahas,  and 
Ottawaa.  In  fact,  if  wo  except  the  roving  bundH,  the  circumstanres  of  the  ludians 
settled  immediately  to  the  west  of  the  MisMouri  and  Missituiippi,  are  so  very  Kimilar 
that  the  delineation  of  any  particniar  nation  or  tribe  will  answer  for  them  all,"  etc. : 
HnntePs  Capfiri^y,  p.  218:  London,  1828.  Exactly  what  amount  of  eredenee  is  to 
be  placed  in  these  "  Memoirs  "  is  u  point  about  which  opinions  differ.  Gen.  Cass,  in 
the  North  Amcricav  I'rrhir  for  .lanuary,  l^'i*;,  jnnkos  a  snvjige  attack  upon  the 
book,  and  introduces  k-ttfis  from  John  Duuu  (wiiu.si)  uuiue  iluuter  took,  aud  who 
ba^i  "  treated  him  like  a  brother  or  »ou^),  Geu.  Wm.  Clark,  and  others,  to  the  efiect 
tbat  they  never  knew  any  sueh  peisooi  and  that  it  was  not  possible  for  the  events  of 
which  be  speaks  to  have  happened  without  their  knowledge.  This  is  tosome  extent 
nepjativc  evidcn-  *'.  and  does  not  amount  tn  mm  h  ;  but  cvt-n  if  it  were  true,  and  Hun- 
ter was  a  uiytli,  aud  tlic  work  that  liears  liis  name  wan  a  coni)ulat ion,  it  would  only 
invalidute  so  much  of  the  narrative  a»  reters  to  bis  personal  experiences  whilst  a 
iwisoner.  AH  the  lest^  indnding  that  portion  devoted  to  adeseriptionof  the  **  Man* 
nets  and  Customs  of  some  of  the  Western  Indians,"  would  then  become  simply  a 
question  of  fact,  aud  as  such  would  have  to  be  flffi(i«'il.  uh  all  such  matters  are.  by  a 
comparison  of  authorities  in  order  to  nee  how  far  the  statements  iirc  cnrroborated. 
Applying  this  rule  of  evidence,  it  will  be  f<»und  that  the  reviewer,  and  not  the  com- 
piler, will  suffer.  To  go  no  fi^rther  than  the  instances  <iaoted  in  the  text,  we  find 
undonbtsd  evidence  tiiat  the  Osages  have,  within  the  prssent  century,  buflt  both 
stone  heaps  and  burial  mounds;  and  that  if  they  did  not  bury  in  stone  graves,  the 
DcTawares,  Kickapoos,  and  Shawnees  did,  and  these  tribes  can  be  shown  to  have 
lived  within  the  region  and  inside  of  the  time  covered  by  Hunter's  narrative.  If, 
now,  there  were  no  such  individual  as  Hunter,  as  the  reviewer  plainly  intimates, 
then  tbe  ccHnpiler  of  the  volume  tbat  bears  bis  name  must  have  manufactured  the 
story  out  of  whole  eloth,  which  is  not  probable,  or  else  he  must  have  obtained  his 
information  from  some  person  who  was  cogniznTit  of  the  existence  at  some  time  of 
tbiH  form  of  burial  among  the  Indians.  If,  on  the  other  hand.  Hunter  was  a  real 
persuuagti,  aud  the  book  in  a  genuine  record  of  his  experiences,  then  the  statement 
must  be  accepted  as  true,  for  the  reason  that  it  is  not  only  antecedently  very  proba> 
ble  in  itself,  but  becaasr  the  account  he  has  given  of  the  customs  of  the  trilKMi 
among  whom  bc  dams  to  have  been  a  prisoner,  has  not,  as  yet,  been  sucoeesMly. 
impnj:iH'd. 

t  Cujitit  ily,  p.  30*.). 

H.  Mis.  334,  pt.  1  37 
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earth  broiijfht  a  shoit  distance.''*  To  judge  from  this  description, 
these  grav  es  do  not  difll'er  tVom  the  so-<'alled  stone  graves"  of  Ten- 
nessee, autl  it  need  not  surprise  us  therefore  to  hear  that  although 
tbese  Indians  do  not  pretend  to  auy  correct  knowledge  of  the  tamoli 
or  momids  that  are  oecasiooally  met  with  in  their  oonntry,^  yet  Uiere 
are  other  elevationa  differing  materially  from  the  mounds  •  «•  • 
which  were  fomim'ly,  and  are  at  i)iesent,  exclusively  devoted  to  bury- 
ing their  dead,^  and  which  are  composed  of  stones  and  earth,  filaced 
in  such  a  manner  as  to  cover  and  separate  one  dead  body  from  an- 
other/'t  precisely  as  was  the  case  in  the  stone  grave  mounds  of  the 
Cumberland  Valley,  t 

Nor  is  this  the  only  kind  of  monud  that  the  Osages  are  said  to  have 
erected  within  the  historic  period,  nor  are  they  the  only  people  of  tiie 
Dahcotah  stock  who  have  been  accustomed  thus  t<o  bury  their  dead. 
Featherstonhangh  tells  us  that  upon  the  unexpected  death  of  one  of 
their  chiefe  called  by  the  French  Jean  Defoe,  which  took  place  whilst 
all  the  men  of  the  tribe  were  hunting  in  a  distant  country,  <^  his  friends 
buried  him  in  the  usual  mauner,  with  his  weapons,  his  earthem  pot^ 
and  the  usual  accompaniments,  and  raised  a  small  mound  over  bis 
remains.  When  the  nation  i*etumcd  from  the  hunt,  this  mound  was 
enlarged  at  intervals,  every  man  assisting  to  carry  materials,  and  thus 
the  accumulation  of  earth  went  on  for  a  long  period,  until  it  reached  its 
present  hoi<;lit,  when  they  dressed  it  off  at  the  top  in  a  conical  form. 
The  old  chief  further  said  that  he  had  been  informed  and  believed  that 
all  the  mounds  had  a  similar  origin."§  According  to  Lewis  and  Clarke, 
the  Omahas,  about  the  beginning  of  this  century,  erected  a  mound  12 
feet  in  diameter  aiul  C»  feet  high  over  the*  body  of  their  <'hief,  Bhirk- 
bird,||  and  Oatlin  tells  us  that  at  the  Ked  Pijie  Stone  (^>u;irry  can  be 

*  Captirity,  p,  366.  See  this  and  eiioceeduig  pages  for  ft  deecriptioii  of  other  uodM 
of  disposing  of  their  dead  temporarily  as  well  as  pennaneDkly.  Similar  stone  grsTes 

hiiw  hum  found  at  Angiista,  Ky.,  and.  aocordin);  to  S(|ui«r  (Ahor,  Mon,  Aim  IVHt, 
p.         glasH  ViendH  ami  iron  rings  were  found  in  some  of  tbem. 
tl.c,  pp.  307  and  308. 

tFor  an  aceomit  of  these  graves  and  monnds,  see  ihe  lieportu  of  fAe  Fmikody 
IfttMvfH  of  Afkurieem  Jn^Mologift  etc.,  vol.  ii,  pp.  905  and  261  et  »fq,:  Cambridgttr 

im 

^  Exnirsion  through  ihv  Slave  Stntpn,  pp.  70-71.  Tin-  «>!<1  <  hifr  fnrtlier  snid 
that  "the  tradition  had  been  steadily  tranHiiiitted  down  Iroui  ihvii  nuctsstora, 
that  the  Whahsash  (Osages)  had  originally  ctuigratvd  from  the  £a«t  in  great  num- 
bers, the  poptdation  being  too  dense  for  their  hunting  groonds;  he  described  the 
forkH  of  the  All^^any  and  Monongahela  rivers,  and  the  falls  of  the  Ohio,  wltectt 
they  had  fUvelf  some  time,  and  wht  re  l:iri,^f  IkvihIh  li;id  Hepnrate«l  from  them,  and 
distributed  theuKHelve«  in  the  surrounding  cduntry.  "  This  mound  iw  ]»robaMy  ih*? 
aamo  one  which  Beck  {Gazcttcvr  of  MUsouri,  p.  308)  describea  aa  being  "one  of  the 
largest  monnds  in  this  eonntry,  thrown  ap  on  this  stream  within  thirty  or  forty 
years,  by  the  Osages,  near  the  great  Osage  village,  in  honor  of  one  of  their  deceaeed. 

chiefs," 

||LAjwi«  ;iiir1  Claiki-.  \  itl.  i.  |».  Philadelphia,  ISll.    Catliii.  vol.  il.  p.  5.  vinifefl 

this  mound  ubuuti         and  brought  away  tbo  skuii  of  the  Omuha  chief.   See  bia 
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seen  a  muuud  of  a  conical  Ibriu  of  10  feet  lieif^ht,"  whi*  ii  luul  been 
thrown  up  over  the  body  of  a  distinguished  youiij?  Sioux,  who  had 
been  accidentally  killed  whilst  ou  a  visit  to  that  f;iiiious  .spot.* 

Crossing  the  Mississippi,  we  are  told  that  the  Ciiippewas,  an  Al^nm- 
quin  tribe,  having  been  successful  iu  a  battle  with  the  8ioux,  their 
women  and  children  in  celebrating  the  achievement,  erected  a  niftund 
from  the  adjacent  snxface,  about  5  feet  in  height,  and  in  diameter  8  or 
10  feet,  upon  the  summit  of  which  a  pole  10  or  13  feet  iu  length  was 
planted,  and  to  this  pole  tofts  of  grassy  indicating  the  number  of  scalps 
and  other  trophies  achieved^  were  tied ;  aronnd  this  mound  the  warriors, 
with  their  usual  ceremonies,  indulged  in  mirth  and  exultations  over  the 
scalps  of  their  fallen  fo6S.^t  This,  it  will  be  noted,  is  not  a  burial 
mound,  but  seems  to  haye  been  thrown  up  to  commemorate  a  ytctory, 
and  I  mention  it  particularly,  as  it  may  serve  to  shed  some  light  upon 
the  object  or  purpose  for  which  the  so-called  anomalous  mounds  of  Mr. 
Squiw  were  constructed.  That  some  of  ,  the  Algonquin  tribes  were 
however  in  the  habit  of  erecting  mounds  over  their  dead  does  not  ad- 
mit of  a  doubt  Be  Vries  {1^42— Voyoffeg,  163:  Kew  York,  1853) 
tells  us  that  the  Indians  about  Fort  Amsterdam  (New  York)  <'fbrm  the 
grave,  7  or  8  feet,  in  the  shape  of  a  sugar  loaf,  and  place  palisades 
around  it ; "  and  in  the  Jesuit  Belations  for  the  year  1611,  it  is  said  that 
the  tribes  in  Maine  and  farther  to  the  eastward  build  a  sort  of  pyra- 
mid" over  their  distiii^ruished  dead.  According  to  McKenney,  a  former 
sn])erintendent  of  Indian  affairs,  the  two  mounds  on  Lake  Winnebago, 
Wisconsin,  known  as  Le  Grand  and  Le  Petit  Butto  drs  Morts,  were 
erected  over  the  bodies  of  a  number  of  Fox  warriors  who  had  been  killed 
in  a  battle  that  took  place  near  that  spot  between  that  tribe  and  the 
Iroquois.!   Van  der  Douck,  too,  as  we  have  seen,  is  equally  positive  as 

work  for  an  Mooant  of  how  the  monnd  wm  bailt.  In  Seimee  for  Msrdi  16, 1883, 
Bfr.  Frnnk  La  FlAche,  in  a  letter  to  Mr.  Putnam,  of  tho  Peabod^ir  MuBenm,  Bays :  **  I 
nuido  inquiri«8  about  tho  mound  made  T>y  tbo  Onmhas,  in  which  Big  Elk  was  buried, 

and  was  toM  that  if  was  ahont  riB  hliih  uh  the  nhonldera  of  .1  tall  man  stanilini;  np, 
and  that  ho  wan  Imriud  with  groat  <  «rt3Uioui«»s.  His  favorito  hors«  was  Ktrangled  to 
death  by  his  grave,  and  most  of  his  horses  aud  household  goods  wero  given  to  the 
poor.''  This  was  abont  ISSS-'aO. 

"Xcrth  American  Indiatm,  vol.  ii,  p.  170:  London,  1876.  II<  adils  that  the  storj 
was  related  to  hini  by  th<'  fatln-r  of  tho  ynmit;  man.  n  Sonix  rliicf,  wlm  was  "  visit- 
infr  thf  Ked  Pipe  .Stone  Quarry,  with  thirty  others  of  his  tribo,  when  w©  were  there, 
aud  cried  over  the  grave  as  he  relatotl  tho  story." 

tS.  Taylor,  in  Ainer.  Jour»  of  Scimcf,  vol.  xuv,  p.  22. 

t  From  aged  Indiana  "I  learned  that  a  long  time  ago  a  battle  wasfonght,  first 

npon  the  spot  upon  which  is  Le  Petit  Butte  des  Morts,  and  the  grounds  adjacent,  and 
continued  npnn  that  and  the  snrrmuitlinfj^  country,  upon  which  is  fnnrul  T,»>  firtiud 
Butte  dea  Morts.  bftween  the  Irotjuois  and  Fox  Indiiuis,  iu  which  tho  Ironuois  were 
-victorious,  killing  an  immense  number  of  the  Foxes  at  Le  Petit  Butte  dea  Morts; 
when,  being  beaten,  the  Foxes  retreated,  bnt  rallied  at  Le  Grand  Bntte  des  Morts,  and 
fonght  until  they  were  nearly  all  slain.  -  -  -  In  those  two  mounds,  it  is  said,  re 
pose  the  romains  of  those  slain  at  those  two  battles : "  MoKennoy,  Mem/Hrtf  etc.,  p.  &4 : 
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to  the  eivc'tioii  of  burial  mounds  by  certain  tribes  of  this  family,  and 
the  same  tact  may  be  inlcrrcd  from  theaccounr  ^iv(iu  by  Mr,  Jetferson  * 
of  tlie  openiufr  of  a  mouiid  that  formerly  stood  on  the  low  grounds  of 
the  lliviuiua  liivcr,  and  vs  iii<  li  evidently  covered  a  number  of  those  com- 
munal interments  of  wliicli  we  liave  already  spoken.  This  iiKmnd  \s  iis 
purroundcd  ]»y  a  ditcli,  was  aiunit  40  feet  iu  diameter,  and  had  been 
about  lli  feet  hijrh,  before  its  height  was  leduced  by  cultivation.  Trees 
were  {^rowing  upon  it  that  measuretl  li*  inches  in  diameter.  It  is  true 
that  nothing?  is  here  said  as  to  the  time  when,  or  the  i)eople  by  whom, 
this  niouud  was  builtj  but  the  circumstances  under  which  it  was  re- 
visited by  a  band  of  Indians  in  Mr.  Jefferson's  time,+  taken  iu  connec- 
tion with  the  mze  of  the  trees,  the  condition  of  the  bones  and  the  fiact 
that  the  monnd  was  in  close  proximity,  or  just  opposite  to  some  hiUs 
on  which  had  stood  an  Indian  town,^aflbrds  strong  evidence  that  some 
of  the  later  interments  fbund  here  must  have  taken  place  after  the  set- 
tlement of  Jamestown  in  16Q7. 

In  regard  to  the  practice  of  the  Huron-Iroqnois  in  this  respect,  our 
accounts  differ.  Oen.  Parker,  in  answer  to  the  question  whether  the 
Six  Nations,  after  the  arriTal  of  the  whites,  ever  erected  mounds  of 
earth  or  stone  over  single  graves,  or  at  their  general  interments,  says 
Iiositively  that  he  had  never  heard  of  the  existence  of  any  such  custom 
among  them,  but  that  on  the  contrary  they  had  always  asserted  that 
the  bone  mounds  were  built  by  a  race  of  people  who  had  preceded  them 
hi  the  occupancy  of  the  land.  He  also  says  that  the  reasons  assigned 
for  the  erection  of  these  tumuli,  as  well  as  the  methods  by  which  they 
grew  to  their  present  size,  were  always  given  with  great  uniformity. 
This  is  very  high  authority,  and  yet  in  the  present  instance  it  can 
hardly  be  regarded  as  decisive,  for  the  reason  that  it  is  negative  evidence, 
and  must  give  way  to  the  positive  testimony  we  have  of  the  fact.  Thus 
for  instance  Golden,  speaking  of  their  single  interments,  tells  us  that 
the  Iroquois  deposit  the  body  in  a  large  round  hole  and  raise  the  earth 
in  a  round  hill  over  it^l  and  in  this  he  confirms  the  statements  previ- 
onsly  quoted  of  Latitau  and  De  Vries,  the  latter  of  whom  (/.  c,  p.  154), 
describing  the  funeral  ceremonies  of  tae  tribes  living  near  the  mouth  of 
the  Hudson,  tells  us  that  their  manner  of  living  is  for  the  most  part 

New  York,  1846.  Other  ftcoounte  lepresent  this  battle  as  hftTlng  been  fongbi  lie- 
tween  the  Foxea  ou  one  aide  and  tbe  French  and  Menomineeg  on  the  other.   It  ia  im- 

materinl  to  luc  who  were  the  |Nirtie8  cugageil  agaiust  the  Foxea. 

*  X^tteti  on  Virijlvin.  pp.  186     nr^.:  Philai!rl]t|i  ia,  1801. 

♦  This  visit  t<j«ik  place  aUoiit  IT.'iO,  and  \&  tliim  tlcsoribed:  "Ou  what4*ver  occasion 
they,"  the  mounds,  "may  have  been  made,  they  are  of  considerable  notoriety  amoug 
the  ludiaos :  for  a  party  paasing,  about  thirty  years  ago  through  the  pari  of  the 
eouutry  where  this  barrow  is,  went  throuf;h  the  woods  directly  to  i%f  without  any 

instnictioiiN  tir  inquiry  ;  an«l  Tia\  iiiLC  ntnid  about  it  some  tlnie.  with  t'Kpressinir??  which 
wiTc  eonstnied  to  be  those  of  sorrow,  tliey  rctiinieil  to  the         loud,  whii  h  thevhad. 
leit  about  half  a  do/.ou  uiiluii  to  pay  this  visit,  aud  pursued  their  journey     Ih.,  p.  li^l. 
\M%9e  StmAom,  Introduction,  p.  16. 
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like  tliat  of  those  at  Fort  Oiaii^^c;  who  however  area  braver  and  a 
more  martial  nation  of  Indiau^i — by  name,  the  Maqnas — as  before 
mentioned,  and  who  hold  most  of  the  others  along  the  nver  to  Fort 
Amsterdam  under  tribute." 

Of  the  bone  mounds,  or  those  which  mark  the  site  of  one  or  more  com- 
muiial  interments,  our  aceounts,  though  somewhat  meui^er,  are  not  less 
explicit.  According  to  La  Fort,  the  Onondaga  chief,  different  forms  of 
burial  existed  among  the  Iroquois  at  ditlercnt  times,  and  he  might  also 
have  addedat  the  same  time,  when  the  conditions  were  different.  Thus, 
in  addition  to  the  mode  of  interment  already  noticed,  we  are  told  that 
when  numbers  veie  slain  in  battle  they  were  gathered  and  laid  in 
tiers  one  above  another,  and  a  high  moand  raised  over  them.'^*  In  par- 
tial confirmation  of  this,  ve  have  the  statement  of  the  Modem  Senecas 
that  the  mound  on  Tonawanda  Jsland  was  the  burial  place  of  the  Neu- 
ters,f  a  kindred  tribe,,  who  were  destroyed  by  the  Iroquois  about  the 
middle  of  the  seventeenth  century;  and  there  is  also  the  mound  visited 
by  the  Bev.  Mr.  Kiskland  in  1788,  and  though  the  condition  of  ^th» 
bones  upon  its  surface^  and  sticking  out  in  many  places  on  its  sides," 
is  totally  incompatible  with  any  such  antiquity  as  is  claimed  for  it,  yet 
there  can  be  no  reason  why  the  account  given  by  the  Senecas  of  the 
circumstances  under  which  it  was  built  may  not  be  literaily  true.  Es- 
specially  is  this  so,  in  vit^w  of  the  fact  that  we  have  undoubted  evidence 
that  at  a  council,  held  in  1743,  between  the  Ouondagas  and  the  Anti- 
coque  Indians,  the  latter  "gave  broad  belts  of  irampum^  3  arm  belts 
and  5  strings;  one  was  to  wipe  clean  all  the  blood  they  had  spilt  of  the 
Five  Xatiom^  another  to  raise  a  tumulus  over  their  graves,  and  to  pick 
out  the  sticks,  roots,  or  stones,  and  make  it  smooth  on  the  to]).^'  |  This 
is  believed  to  be  decisive  of  the  matter,  for  construe  the  statement  as 
we  m«ay,  there  can  be  no  doubt  that  the  Iroquois,  or  the  i)eople  with 
whom  they  fought,  were  in  the  habit  of  building  mounds  over  their 
dead;  and,  so  far  as  my  argument  is  concerntKl,  it  is  perfectly  imma- 
terial wliieh  tliem  did  s(>,  as  the  question  is  not  what  particular  tribe 
construct  e<l  these  mounds,  but  were  they  built  by  the  red  Indians  of 
historic  times? 

8outh  of  the  Ohio,  in  tlie  States  alon^r  tlie  Atlantic  coast,  certain 
tribes  are  said  to  have  luul  the  same  <  iistom.  Lawson,  describing  the 
manner  of  interment  among  the  Santees,  one  of  the  Carolina  tribes, 
says:  ''A  mole  or  pyramid  of  <'arth  is  raisM,  the  mould  thereof  being 
work  (I  very  smooth  and  even,  sometimes  higher  or  lower  according  to 
the  dignity  of  the  person  whose  monument  it  is.  On  tlie  top  thereof  is 
an  unibrella,  made  ridge- ways,  like  the  roof  of  an  house;  this  is  sup 
ported  by  nine  stakes,  or  small  posts,  the  grave  being  about  six  or 

•  J.  V.  II.  Clark,  Onondaga,  vol.  i,  ]i.  51. 

♦  MarHliiilI.  Ifhiin  ii  a1  Sh<  Ichrs  of  tin  Niagara  Frontier,  p.  8. 
IJolm  Bartram,  Ob»erration9,  He,  p.  62:  London,  1751. 
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eight  foot  in  length  and  four  foot  in  breadth."*  In  Florida  proper  we 
are  told  that  upon  the  death  of  a  king  be  vas  buried  with  great 
Bolemnit^'^  and  the  shell  from  which  he  nsually  drank  was  placed  on 
the  tumulus,  around  which  many  arrows  were  stuck  up.  Le  Moynet 
giyes  a  picture  of  one  of  these  graves — shell,  arrows,  and  all— but 
either  the  drawing  is  most  abominably  foreshortened,  or  else  the 
tumulus  is  too  insignificant  to  come  within  the  scope  of  our  inquiry. 
However,  both  this  and  the  preceding  interment  belong  to  the  class 
called  single,  and  this  may  perhaps  account  for  the  size  of  the  mounds 
erected  over  them.  In  each  of  the  localities  referred  to  the  communal 
form  of  barial  was  also  practiced,  and  in  some  cases,  especially  on  the 
peninsula,  mounds  covering  interments  of  this  character  have  been 
found,  which  are  not  only  of  large  size,!  but  which,  from  the  nature  of 
their  contents,  nnist  have  been  thrown  up  after  the  arrival  of  the 
wliites.  Tliat  the  tribes  iiiliabiting  the  (hilf  States,  including  under 
this  bead  the  Ghickasaws.  Cberokoes,  Cboctaws,  and  the  Muscogees 
and  tlieir  allies,  were  at  one  time  in  the  habit  of  erecting  luounds  over 
tlieir  <1eii(I  does  not  a<liiiit  of  a  doubt,  tliougb  it  is  probable  tbat  the 
custom,  like  many  others  connected  with  their  funeral  rites,  died  out 
at  an  early  day. 

Adair  tells  us  tbat  many  of  these  heaps  are  to  be  seen  in  all  parts 
of  North  America;  wberc  stones  could  not  be  had,  they  raised  large 
biIl(M'ks  or  iiKniiuls  of  eiu  tli,  wherein  they  carefnlly  deposited  the  bones 
of  their  <lc;ul,  which  were  placed  eitlicr  in  cartln-n  vessels  or  in  n  simple 
kind  of  ark  ('liests."§  A(  <MM<Iin^  to  i>e  lirahm,  *-A  iar^«'  conical  nioiind 
near  iSavatinah  was  pointed  out  to  Gen.  Oglethorpe  as  being  the  tomb 
of  the  Yaniacraw  cliief.  who  had,  many  yenrs  bel'or*',  entertained  a 
grcMt  white  man  witli  a  icd  beard; "||  and  the  evidence  of  the  younger 
(William)  Bartrain,  to  which  we  have  so  often  bad  occasion  to  refer, 
is  even  more  detinite.  Jiescribing  the  burial  customsof  theChoctaws, 
that  writer  says:  *'As8(Mm  a«  a  person  is  dead  they  erect  a  sea  Hold  18 
or  20  feet  high  in  a  grove  adjacent  t^  the  town,  where  they  lay  the 
cori>sc,  li^drtly  covered  with  a  mantle:  here  it  is  su tiered  to  remain, 
visited  and  i»rot( cted  by  the  friends  and  relatives,  until  the  Uesb 
becomes  putrid,  so  as  easily  to  part  from  the  bones,  then  undertakers, 
who  make  it  their  business,  carefully  strip  the  ih^sli  from  the  bones, 
wash  and  cleanse  them,  and  when  dry  and  purilied  by  the  air,  having 
provided  a  curiously-wrought  chest  or  coffiD,  fabricat/ed  of  bones  and 
splints,  tin  y  place  all  the  bones  therein,  which  is  deposited  in  the  bono- 
house,  a  building  erected  for  that  purpose  in  every  town.  And  when 

•  IJiHtorjf  of  Ciirolinaf  p.  21. 
tD«<  JJry,  plate  xl. 

tXairativto/  Onceoia,  quottjid  l>y  Dr.  Brint«n  iu  the  Americun  Autiquarian  forOc- 
tober,  1S8L 
$  JEft«/.  of  Amer.  Indians,  nute  to  p.  185. 
I  (Quoted  in  Jntiquitm  of  the  Somtkm%  Indiant,  p.  13L 
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this  h<»nse  is  full  a  general  solemn  funoral  takes  i>la<;e.  WIumi  tlio 
in'arest  kindred  or  friends  of  the  deeeiised,  on  a  day  appointe^l,  repair 
to  the  bone-house  and  take  up  the  respertive  coftins,  and  follnwiii^r  otie 
another  in  order  of  seniority,  the  nearest  lelations  attend irif^  their  le- 
speetive  corpse,  and  tlie  mriltitiuh'  following  after  theuj,  all  as  onc^ 
family,  with  ;ilt<'rn;it«'  voice  ol"  Allelujah  and  lamentation  slowly  jiro- 
eeedini;  on  to  the  ])lai  e  of  <jen<'r;il  interment,  where  they  ])Li<'e  the 
coffins  in  order,  t'onnin^  a  i)yr:iMiid;  and  lat^tly,  cover  all  over  with 
earth,  which  raises  a  conical  hill  or  mount/'* 

The  third  and  last  class  of  mounds  that  we  shall  c  onsider  are  the 
truncated,  or,  as  they  are  sometimes  called,  temple  mounds,  with  graded 
ways  to  their  toi>s.  They  are  comparatively  numerous  south  of  the 
Ohio,  and  are  also  found,  though  less  frequently,  as  lai  nortli  as  the 
middle  of  the  tier  of  States  that  lie  along  the  north«M  n  bank  of  that 
rivei-;  hut  ])ey(itnl  ihis  point  they  are  believed  to  be  uaknown.  Of 
their  origin  and  use  in  the  Southern  States,  and  especially  along  the 
line  of  l)e  Soto's  march,  there  is  abunilaut  proof.  The  ehroniclers  of 
that  enterprise  are  in  full  accord  upon  these  pointsj  and  though  it  is 
not  possible  to  make  ont  the  itinerary  of  that  expedition,  yet  there  is 
bnt  little  hazard  in  asserting  that  he  waa  on  both  sides  of  the  Missis- 
8ii>pi,  and  visited  not  only  the  Muscogees  and  Ghoctawa  of  the  Onlf 
States,  but  also  the  Cherokees  Achalaque  and  Chickasaws  of  Ten- 
neasee,  and  the  Quapaws  (( 'apahas-Kappas)  of  northeastern  Arkansas. 
Among  all  these  tribes  there  was  a  general  uniformity  in  the  methods 
of  building  the  cabins  of  their  chiefs,  and  in  laying  ont  and  fortifyiug 
their  villages.  La  Vegaf  tells  us  that  the  town  and  house  of  the 
Cacique  Ossachile  were  like  those  of  all  the  other  Caciques  in  Florida, 
and  assigns  this  as  the  reason  why,  instead  of  describing  this  particular 
town  and  house,  it  was  better  to  give  one  general  account  that  would 
answer  for  all.  He  then  goes  on  to  say  that  the  Indians  always  en- 
deavor to  place  their  villages  on  elevated  sites;  but  as  such  situations, 
with  the  conveniences  for  building,  are  not  always  to  be  found  in  Florida, 

they  themselves  throw  up  elevations  in  this  manner.  They  choose  a 
spot  to  which  they  bring  a  quantity  of  earth,  and  this  they  x>ile  up  in  the 
shape  of  a  platform,  two  or  three  ])ike'8  len<|^th  in  height,  and  large 
enough  on  top  to  hold  ten  or  twelve,  fifteen  or  twenty  houses,  in  which 
are  lodged  the  Cacique  and  his  attendants.  At  the  foot  of  this  mound 
they  lay  out  a  square,  proiK>rtioned  to  the  size  of  the  intended  town, 

•  TrareU  Ihrouyh  Florida,  p.  51G.  On  ji.  liiB  in*  bpeaks  of  wirnh  hre**  or  tumuli 
of  the  YamoMefl,  who  were  here  slaia  by  the  Croek«  in  the  last  decisive  battle,  tiie 
Cref^kM  having  driven  thcia  to  this  ]»oiiit,  between  thu  doubUng  of  the  river,  where 
ft'w  of  tluMJi  «^sc;i pod  tlm  fury  of  \ho  ronqiuTors.  Tlu'»e  grnvrs  oi  iMipied  the  whole 
Rrove,  ooimistiuj;  of  2  or  3  acres  of  ^jjrouiul;  there  \v»'ro  nearly  thirty  of  thene  eeuie- 
terieH  of  the  dead,  nearly  of  au  equal  nize  and  form ;  they  were  ubloug,  20  feet  in 
length,  10  or  12  feet  In  width,  and  3  or  4  feet  high,  now  overgrown  with  orange 
trees,  live  oaks,"  etc. 

t  Jiisfoire  de  Im  Ftoride»  premiere  parti«<,  livre  2de,  nhap.  xxvH :  Paris,  1709. 
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and  aronnrl  this  the  priucipiil  men  of  the  village  Ijiiild  their  cabins.  The 
eomiDoii  people  are  housed  iu  the  same  manner,  and  thus  they  surround 
tlie  dwellinf?  of  their  chief."  To  ancend  this  eU*\  atioii  they  have  a 
graded  w  ay  from  t<ip  to  bottom,,  in  which  the  slope  is  so  gradual  that  a 
horseman  can  ride  up  without  any  difficulty.  Excepting  at  this  one 
place,  all  the  other  8i<les  are  nuide  so  steep  as  to  be  difficult  of  ascent. 
J'^lsewhere,  in  the  town  ol  Guachoule,  on  the  head  waters  of  the  Coosa 
liiver,*  and  near  the  country  of  the  "  Aclialaqu^/'  the  dwelling  of  the 
chief  is  said  to  stand  on  a  "  numud,  witii  a  terrace  around  it  wide 
enough  for  six  men  to  walk  abreast.''f  West  of  the  Mississippi,  a mong 
the  Gapahas  and  their  neighbors^  it  was  the  custom  of  the  Caciques 
to  raise  "near  their  dwellings  very  high  hills,  on  which  they  some- 
times bnild  their  huts;  ^|  and  the  Qentleinan  of  Elvas  tells  as  that  in 
the  town  of  Ucita,  near  which  De  Soto  landed,  and  which  is  supposed 
to  have  been  sitoated  on  the  west  coast  of  Florida^  the  lord's  house 
stood  upon  a  very  high  mounts  made  by  hand  for  strength.^!  A  few 
years  later,  in  Landonni^'s  account  of  the  ill-fiited  attempt  of  the 
Huguenots  to  plant  a  colony  on  the  northeastern  coast  of  this  same 
Floridian  peninsula,  we  have  repeated  allusions  to  *<alleys,''||  which 
are  none  other  than  the  grand  avenues  ^  or  Indian  highways,  men- 
tioned by  Bartram  as  leading  in  a  straight  line  from  a  pompous  Indian 
mount,  or  conical  pyramid  of  earth,  that  stood  on  the  site  of  an  ancient 
town,  through  a  magnificent  grove  of  magnolias,  live  oaks,  palms,  and 
orange  trees,  to  the  verge  of  a  large  green  level  savanna.'' t[ 

Fassuig  over  an  interval  of  one  hundred  and  fifty  years,  we  find  that, 
among  many  of  these  same  tribes,  the  custom  still  existed  of  erecting 
mounds  as  sites  for  their  habitations.  The  cabins  of  the  Yazous, 
Courois,  (>s8agoulai>,  and  Ousi>ie  trib<ASf  living  on  the  lower  Mississip]>i, 
are  said  to  have  been  *^  dispersed  over  the  country  ui>on  mounds  of 
earth  made  with  their  own  hands,  from  which  it  is  inferred  that  these 
natioiis  are  very  ancient,  and  were  formerly  vrry  numerous,  although 
at  the  present  time  they  hardly  number  '-'."id  jjersons.''**  Aeeordinjr  to 
Du  Pratz,  the  temple  of  tlie  Natchez  was  about  .iO  feet  sijuare,  and 
was  situated  l>y  the  side  of  a  small  river,  on  an  artilicial  mound,  which 
M  as  !d)out  8  feet  IuliIi.  ainl  sloped  insensil»iy  from  the  main  front  on 
tlie  north,  but  was  soniewliat  steeper  on  the  other  sides."  The  HJime 
author  also  tells  us  that  the  cabin  of  tlieir  chief,  or  Great  Sun,  as  he 
was  trailed,  was  placed  n|M>n  a  mound  of  about  the  same  height,  t  hough 
it  was  somewhat  larger,  "  being  (Mi  feet  over  on  the  surface.''  ft  When 

*  Pickot,  Hitiorjf  o/ J/aftoiMA,  vol.    p,  8;  C'hiirl«fltoii,  1851, 

+  Lit  V<'j;a.  Ht'condo  partio.  |».  -. 

{  liii-diiia,  Hixt.  f^oU.  Louisiana,  jiart  ii,  j».  105. 

^  Gentleman  of  HirOH,  I.  c,  p.  123. 

0  Hakluyt,  vol.  in,  pp.  407  and  415. 

^Drareh  thrvHffk  Florida,  pp.  108  and  521. 

"•I^a  Tfarp<',  iti         Coll.  iMHisiana,  puit  Ml,  p.  106. 

tiHittorg  of  Loui0iana,  vol,  il,pp,  211  and  1S8. 
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a  chief  died,  these  people  demolished  the  cabin  in  which  he  liad  lived, 
aud  raised  a  new  mound,  upon  which  they  placed  the  dwelling  of  bis 
saccessori  as  it  was  uot  customary  for  a  chief  to  lodge  in  a  house  that 
had  been  pxevioaaly  oceapied.* 

Whether  the  Natohes  erected  the  immense  works  fonnd  on  the  Wash- 
ita Biver,  near  the  outlet  of  Lake  Catahoula,  is  a  \^mt  about  whieh 
opinions  may  well  diiTer.  That  they  took  refuge  in  the  immediate 
neighborhood  of  these  works,  if  not  on  their  very  site,  after  the  de- 
struction of  their  village  on  the  Mississippi,  and  built  a  fort,"  accord* 
ing  to  Du Prats,  or  '^fortified  themselves,''  as  Charlevoix  states,  is  be- 
yond question;  but  Judge  Force,t  who  has  esuimined  into  the  matter 
very  thoroughly,  is  of  the  opinion  that  they  were  not  permitted  to  hold 
this  position  long  enough  to  have  constructed  works  of  the  sixe  of  those 
found  herd  In  this  he  is  believed  to  be  correct,  though  of  course  it 
would  all  depend  upon  the  number  of  those  who  had  sought  refuge  on 
this  spot,  and  the  earnestness  with  which  they  worked.  As  some  in- 
dication of  the  time  necessary  to  the  erection  of  works  of  this  charac- 
ter, the  following  fact,  for  whieh  I  am  indebted  to  Lieut.  Commander 
A.  H.  McNair,  U.  S.  Navy,  will  be  of  interest  According  to  that  gen- 
tleman, upon  one  oet^asion  in  1863,  when  coaling  at  the  island  of  St. 
Thomas,  150  negro  laborers  ejisily  brought  on  ]>o;ii  (l  of  the  Powliatan, 
in  twelve  hours,  100  tons  of  coal,  usiug  only  baskets  foi'  that  purpose. 
Allon  iii  ir  40  cubic  feet  to  the  ton,  this  would  give  a  cube  of  coal,  measur- 
ing liO  X  20  X  10  feet,  moved  in  one  day  by  150  niett;  and  with  this  as 
the  basis  for  a  calculation,  it  will  be  seen  that  the  lengtii  of  time  abso- 
lutely ne«'essary  to  the  construction  of  these  works  is  not  so  great  as 
might  be  supposed.^    However,  this  is  a  point  upon  which  it  is  need- 

"Ffttber  Le  Petit,  quoted  in  HUL  Coll.  LwUtaua,  part  iii»  note  to  p.  142. 

iSome  eonsideratioiu  on  the  Mound-huUderg,  p.  T7,  and  uote  B:  Pamphlet,  1878. 

Stoddard,  Sketcltra  of  LoHUiana,  p.  350,  npiiakiu;;  of  the  size  of  the^e  works,  says: 
"Not  IcHftthaii  fivf  rfniarkaMc  iiiiHmf  s  in-  nituated  near  the  jiiiictiou  of  tho  Washita, 
Aoaiahotila,  nnd  Teoza,  in  an  alluvial  boiL  They  arc  ali  incloaud  iu  an  cubaukniont 
or  wall  of  earth,  at  thw  time  10  feet  high,  which  contains  about  200  acres  of  land. 
Four  of  these  monnta  are  nearly  of  equal  dImenslonB,  about  20  feet  high,  100  broad, 
and  300  Jong.  The  fifth  Heeni;^  in  \mvo  1m  t  n  (Ii  nigned  for  a  tower  or  turret;  the  baAe 
of  it  covers  an  a'" ic  of  groiiml;  it  ri.sos  by  two  stuL't-N  or  stops;  its  fircunifcreuce 
gradually  dimiui>4lic»  i\&  it  aHocmb;  its  sunmiit  ik  ciuwued  ity  a  tlattt'ued  cuue.  liy 
adineitsareuent,  the  height  of  this  tower  is  found  to  be  80  feet. 

I  Strongly  confinnatoiy  of  this  view  is  the  following  extract  from  Isaac  McCoy's 
HMory  of  the  Bapt'ui  Indian  Mi«nion»,  etc.,  p.  27:  ''A  little  reflection  will  show 
that  til*'  umnuut  of  laliMMT-  recjnind  iti  tlu'ir  erection  did  not  Hurpa88  the  common  in- 
dustry of  the  Havage.H.  feiippose  u  iiioiiml  to  Itc  10  inct  in  diameter  at  its  l)asi',  and 
to  rise  by  stepii,  1  foot  iu  height  and  a  f«M>t  and  a  lialf  in  depth,  to  the  height  of  13  feet, 
with  a  loTcl  snrfoce  on  the  summit  4  feet  in  diameter.  It  would  contain  about  6,283 
cubic  feet  of  earth,  or  a  firaction  less  than  231  cubic  yards.  Todeposite  on  the  miMiiid 
1  cubic  yanl  of  earth  wouhl  be  a  moderate  day's  labour  for  1  man.  Therefore,  the 
prc<-tion  of  the  mound  iimlfr  rim?<idcrat ion  would  employ  2^1  persons  one  dnif  onlif. 
Among  the  Indians,  the  women  would  perform  as  much  of  this  kind  of  work  as  the 
men,  or  perhaps  more,  aud  more  than  twice  this  number  4»f  persons  able  to  labour 
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leas  to  insist,  as  the  evidcnco  is  quite  siiftirietit  to  show  that  tho  Natchez 
did  build  botli  mounds  ami  carth-vvDi  ks.  Du  Pi  atz  states  the  tact  posi- 
tively,* and  although  it  can  not  be  piov  tMl  that  they  threw  ui>  the  em- 
bankment and  otlier  works  on  the  Wachita,  yet  there  is  unquestion- 
able authority  for  the  .statement  that  a  short  time  after  the  destruetion 
of  their  stronghold  here  by  the  Freuch  under  Pericr,  a  band  of  them, 
which  had  managed  to  escape  the  general  ruin,  made  au  attack  u\yon 
the  post  of  Natchitoches,  during  the  (course  of  which  they  were  driven 
back,  and  obliged  to  "dig  a  kind  of  entrenchment  on  the  plaiu.'^'t 

Among  the  Creeks  and  their  allies,  even  as  late  as  1773-'75,  we  are 
toM  that  almost  every  town  liad  a  '^chonk  ^  ard,''  surroanded  by  one  or 
two  low  embankments  or  terraces,  in  the  center  of  which,  on  a  low  cir- 
cular monnd  or  eminence,  stood  a  four-square  pole  or  pillar,  30  or  40 
feet  high,  to  the  top  of  which  was  fastened  some  object  that  served  as 
a  mark  to  shoot  at,  with^  arrows  or  the  rifle,  at  certain  appointed  times. 
At  one  end  of  this  yard,  which  was  usually  from  600  to  900  feet  in 
length  and  of  proi>ortionate  breadth,  was  a  square  terrace  or  eminence 
9  or  10  feet  high,  "upon  which  stood  the  public  square,'*  and  at  the 
other  extremity  was  a  circular  mound  of  about  the  same  height,  whieb 
served  as  a  site  for  their  rotunda  or  winter  council  house.!  The  Ohero- 
kees  too,  as  we  have  seen,  utilized  this  class  of  mounds  in  much  the  same 
manner,  the  council  house  in  their  town  of  Cowe,  according  to  the  ewne 
anthor,  occupying  the  summit  of  one  that  was  said  to  have  been  20 feet 
high.  If  now  we  compare  the  method  of  laying  out  these  towns,  and 
building  the  temples  and  council  houses  of  these  later  Indians  with  that 
described  by  T^a  Vega,  as  having  been  followed  by  their  ancestors  a  oen* 
tury  and  a  half  earlier,  it  will  be  seen  that  the  resemblance  is  very  great ; 
and  although  we  are  sometimes  assured  that  the  modern  Creeks  and 
Cherfikees  could  give  no  account  of  the  origin  or  [nirpose  of  these  earthen 
Htructurea,  yet  there  can  be  no  doubt  that  in  Bartram's  time  the«e 

are  fteqnently  at  ou«  Tillage  or  one  eaoampment.  ...  Within  the  Indian 
Territory  we  have  94,O0D  inbabitante;  one-fiilh  of  these,  or  more,  are  competent  to 
lalMur.   Til  is    vcH  18,800  labourera;  if  eavli  of  theae  wonld,  in  the  couvte  of  twelT« 

iiiontli8,  bestow  only  as  iitucli  1»iUonr  «ni  the  or«M'tion  of  niutiTKln  as  wnuM  nmount 
to  one  day,  SI  iiiouiuIh  would  he  Imilt  in  tmr  year."    Wasliingtou  and  New  Ytirk,  1840. 

*  HeMtdivs  the  statoiueutH  quoted  in  the  text,  ho  says :  "  Lu  piciX  des  pioux  est  appuy^ 
en  dedans  par  nne  banquette  de  trois  pieda  de  laarge,  and  autant  de  Itant,  laqneUe 
est  elle-m£me  appny^e  de  piquets  f^tt^  d«>'  braucagos  verda,  poar  retenlr  la  terre 
qui  ♦*8t  dium  n  tt<  banquette:"  H'uitoire  de  la  Louisiane,  ^<5l  ir  ]i.  ll^Ti :  Paria,  ll'yS. 

tDtniinnt,  Mtinoitea  IIiHlarit/neM  de  In  JA>ni«iane,  iouw  II,  ]•.  L'Oit.  s:iy8  " CrfU**er«*nt 
dauH  la  ]ilaine  unu  cspccc  di'  retruuehemeut  oil  ila  ae  fortitiorent.*'  Charlevoix 
(N^veUe  F)ranee,  vol*  i\%  p.  298)  uaes  the  word  "retraneb^/' 

IBartiam,  M8S.  published  in  Aw,  Man,  Jfi«<.  Fdtlefff  p.  121.  Adair,  I,  e,,  p,  4S1, 
tells  us  that  "every  town  baa  a  large  edifice,  which,  with  propriety,  may  be  oaIl«>d 
the  mounfnin  lumso.  -  -  -  It  is  usually  built  on  the  top  of  a  hill ;  aud  in  that 
aeparate  and  iniperiul  stattihouso  the  old  beloved  uieu  aud  hea4l  warriors  meet  un 
material  biwineee,  or  to  divert  tbemselvea,  and  fiMiat  and  dance  with  the  reat  of  tbe 
people." 
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tribes  lived  nmcli  as  their  fathers  had  done  before  them;  and  if  they 
<lid  not  Imild  the  mounds  and  chunk  yanls  found  in  their  midst  they, 
at  least,  uBed  them  for  the  sauie  purposes  lor  which  tliey  wore  origin- 
ally erected. • 

lncloHure«. — Of  tlie  manner  in  which  the  nations  east  of  the  Missis- 
sippi fortified  tiicir  villages  our  accounts  are  full  and  explicit.  Pali- 
sades, as  has  been  sliown,  were  employetl  everywhere;  but  as  this  term, 
alone,  fails  to  «iivc  an  adequate  idea  of  the  methods  by  which  the 
Indians  waiv,  accustomed  to  defend  theii  more  exposed  villap^es,  it 
may  be  well  t^>  jjfo  into  the  matter  somewhat  in  detail.  To  this  end  it 
will  be  necessary  again  to  le.Nort  to  the  eiirly  chroniclers:  andalLlinugh 
this  may  prove  tedious, yet  it  is  unavoidable,  as  it  is  only  by  a  study  of 
the  manner  ol  foi  titication  practiced  by  the  recent  Indians  that  a  cine 
can  be  found  to  the  mystery  that  surrounds  the  Ohio  system  of  earth- 
works, to  which  we  now  must  refer.  Of  the  origin  of  these  w  e  are 
without  any  written  record  whatever  unless  the  traditions  of  the  Dela- 
wares,  Iroquois,  and  Natchez,  as  related  by  Heckewelder,  Ratinesque, 
Onaick,  and  Da  Protect  shoald  be  accepted  m  such.  This  is  of  course 
rather  a  serious  obstacle  to  be  met  with  at  the  outset  of  an  investiga- 
tion; but  fortunately^  in  the  present  instance  we  have  notiikr  to  go 
in  order  to  discover  a  reason  for  tlie  seeming  omission.  It  may  be 
found  in  the  fact  that  after  the  destniotion  of  the  Eries,  say  about  the 
middle  of  the  seventeenth  century,  the  whole  of  that  region  now  known 
as  the  States  of  Ohio  and  Indiana  was  virtually  deserted,  and  so  re- 
mained for  upwards  of  fifty  years.  Iroquois  war  parties  swept  undis- 
turbed from  the  Kiagara  Biver  to  the  Illinois,  and  whilst  there  may 
have  been  villages  of  the  Twightwees  (Hiamis)  and  their  allies  scat- 
tered about  here  and  there,  yet  practically  that  whole  section  of 
country  was  a  solitude,  unvisited  by  the  trader,  the  soldier,  and  the 
no  less  venturesome  missionary,  the  only  persons  who  could,  in  those 
early  days,  have  given  us  an  accoont  of  what  they  saw  and  heard. 

Of  the  tribes  that  may  possibly  once  have  lived  here,  the  Shawnees| 

*  Dartrnin,  Trarehj  etc.,  p.  520. 

i  For  the  trftditiouA  of  the  Delawavm  oonsolt  chap,  v  of  The  ^n«rioai»  NaUom,  by 
Prof.  C.  8.  Rafineaque:  Philttdelpbia,  1836.  Du  Prate,  vol.  ii,  p.  146  (London,  1788), 

apeaking  «>f  the  Natdicz,  says:  "To  give  an  idea  of  tlioir  power  I  shall  only  mention 
that  formerly  they  extendeU  from  the  rivt-r  Munoh;ic  im-  I^i-rvillp,  whirli  is  altont  50 
len^nie.s  from  the  «eu,  to  the  river  Wahasli,  which  iH  iliMtuut  from  the  sea  uhoiit  4tjO 
leagut  ->;  and  that  they  hud  about  500  Buna  ur  priuccs.  From  these  facts  wo  may 
jndge  how  populous  this  natiou  foimerly  haa  been;  but  the  pride  of  their  preal  miim 
or  sovereigns,  and  likewise  of  tbeir  inferior  tM»«,  joined  to  the  pnti"<l>^^^ 
people,  has  made  greater  havoc  anHni<:f  them  and  eontriliiitfd  itiore  to  their  dcstrno- 
tiou  than  Ion*?  and  bloody  wars  wouhl  Iiaw  done,"  In  the  above  extract  hf  i»  Icrs 
to  the  practice  of  human  sacritices  upon  the  occaaiou  of  the  death  of  any  of  the  num 
or  ebiefli. 

X ' '  The  conntries  and  rivers  of  Ohio  and  Wabascbe  and  cirenn^aeeut  territory  were 

inhabited  b^'  our  ludiauH,  the  C'haouanouH,  Miamis,  and  Illinois:"  Memoir  sent  by 
the  King  to  Mr.  Dononviile,  Gov.  Gen.  oi  Mew  ir'ranoe,  in  Hi§t.  Coll.  qjf  XoatMoaa, 


Digitized  by  Google 


588 


THE  MOUNDS  OF  THE  MISSISSIPPI  VALLBY. 


were  now  ;i  broken  and  a  scattered  people,  mui  the  Miamb  had  bceu 
force4  bjK-k  until  we  tiiid  them  seekiuj^  shelter  iiiidei  the  guns  of  the 
French  tort  on  the  Illinois.*  Bneh  then  beinj^  the  condition  of  affairs 
throuijhout  this  jwrtion  of  the  Ohio  Valley  during  the  latter  part  of  the 
seventeenth  and  the  beginning  of  the  eighteenth  centuries,  there  was 
nothing  to  tempt  the  trader,  or  attract  the  missionary;  and  hence  the 
absence  of  all  mention  of  this  region,  save  in  the  occasimial  notices  of 
an  Iroqnois  foray,  or  of  the  spasmodic  attempts  of  their  eaemies  at 
retaliation.  Later  on,  abont  the  middle  of  the  last  century,  the  above- 
mentioned  tribes  are  found  once  more  established  within  this  region, 
having  apparently  retraced  their  steps.  The  Miamis  are  in  western 
Ohio  and  northern  Indiana,  and  the  Sbawnees  of  the  Delaware,  having 
been  driven  across  the  mountains,  re-unite  with  their  kindred  from 
Georgia,  and  are  settled  in  the  valley  of  the  Scioto,  where  singularly 
enough  their  villages  are  in  the  immediate  neighborhood,  if  they  do 
not  occupy  the  very  sites,  of  the  famous  mound  centers  of  Ohillieothe 
and  Portsmouth.t  Indeed,  we  are  told  that  about  A.  d.  1750,  at  this 
latter  point,  their  village  was  situated  on  both  sides  of  the  Ohio  Biver4 
Just  as  is  the  case  with  the  mounds  and  embankments  found  there 
to-day. 

Of  course  it  is  not  pretended  that  all  the  works  in  these  valleys  were 

erected  subsequent  to  this  date,  and  it  is  quite  probable  that  not  one  of 
those  of  large  size  was,  but  that  some  of  them  were  built  after  the  arrival 
of  the  whites,  a  hundred  and  lifby  or  two  hundred  years  earlier,  is 
proved  by  the  contents  of  mounds  opened  at  Oircleville  and  Mariettca; 
and  that  these  same  Indians,  or  their  immediate  descendants,  have 
within  comparatively  recent  times  ^^encompassed  their  villages  with 
ditches  and  walls,"  as  well  as  palisades,  is  evident  from  the  aoooant 

new  aeries,  1875,  p.  137.  **  Formerly,  divers  uatiuuH  dwelt  on  this  river  "—Uoluo— 
"iw  tbe  CliftwaiioeN  (Sbawanem),  a  mighty  and  very  populous  people,  who  had  almva 
fifty  townH,    ...   who  \v<  i-o  totally  dontroyed  or  driven  out  of  their  ooantry  1>y 

the  IroroiK.  fliis  I'ivi  r  In  in;:  tln  ir  uBiml  roiid  when  they  war  upon  the  nationa 

who  lit'  to  the  8outli  or  in  tin-  West:"  Coxc's  Carolina,  in  /A'sf,  Coll.  Louisiana. 
part  II,  p.  229.  For  an  arroiitit  ot'  uU  that  is  kuowu  historteaily  of  the  wandering 
of  the  ShawnecSf  are  Judge  H.  F.  FoToe,  Some  Earlg  NoUeet  of  the  Miaat  of  Okioi 
Pamphlet,  Cincinnati^  1879. 

'Tonti,  in  Hi»l.  Coll.  LouiMiana,  part  I,  p.  66.  "The  Iroqnois,  after  expelling  the 
Ilurons  and  externiiuatin};  the  7irit'«.  who  inli:il>if«><1  tlie  rountry  bnril«>rin<r  on  tbe 
Great  Lakes,  whiuh  now  hear  their  nauies,  evenlf*  which  liappened  about  the  years 
1660  to  1G60,  took  poeaenion  of  their  vaat  territory,  aud  retained  it  for  more  than  a 
centnry  alter.  Heir  fannting  country,  whieh  they  onee  oecapied,  ia  now  embraecd 
iu  the  Stat«  of  Ohio,  and  while  in  their  posHession  was  ealled  Carrahague : "  Appen- 
dix to  Mone'K  A''/  "  '  p.  GO.  At  the  trerify  of  Fort  Stanwix.  in  ITOS.  they  sold  all 
that  region  of  cuuutr>  now  known  as  the  i?tAt<'  of  Kentucky,  claiming  it  hjr  right  of 
conquest:  See  Butlers  Kentucky,  p.  378:  Louisvilh-,  IKU. 

t Schoolcraft,  Indian  TWftet,  vol.  vi,  p.  377.  Croghan,  Jwrmalt  In  Appendix  to 
Butler's  ///»/,  of  TToi/Hofty,  p.  462:  Cineinnati. 

{Christopher  Gist's  Journal,  in  Appendix  to  I'ownall's  SVpoyrapAtoaf  DtrMrijtljM, 
p.  10 :  Liuudon,  1776.   See  also  (Jroghan's  Journal, 
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Sohoolerafb  has  left  us  of  his  visit  to  Propbetstown,  on  the  Tippe- 
canoe, aud  to  the  sites  of  other  lodian  viUagesin  Tn<li;ma  and  Illinois.* 
These  facts  are  undoubtedly  of  importance  in  itidicatiug  the  phase  of 
civflization  that  had  been  reached  by  the  builders  of  some — i)erhaps 
the  smaller  and  more  recent — of  these  works;  but  tlu  y  do  not  enable 
us  to  connect  even  iiifeientially  thos»-  of  tlie  InrLrer  size  with  any  par- 
ticular tribe,  nwiii^^  to  the  lact  that  there  was  sucli  a  h)ii^'  interval  of 
time,  wIhmi  Oliio,  so  far  as  we  know,  was  virtually  iniifihabited.  If  it 
were  possible  to  show  tliat  previous  to  the  settlement  <'l  tli*'  Iroquois  in 
western  New  York  a  ^hawnep  ( oniederac  y  had  occupied  the  Ohio 
Valley,  as  l\afinesque+  so  eontideiitly  asserts,  our  task  would  be  mucli 
simplified.  It  would  then  be  apparent  that  in  retuniiiiir  here  tliese 
people  were  but  reoccupying  their  old  homes  and  huutinj^  gioundsj  and 
as  they  can  be  shown  to  have  defended  themselves  within  compara- 
tively recent  times  behnul  diu  hes  and  breast-woi  ks,|  and  ns  they  must 
from  the  necessities  of  the  case  have  erected  all  the  iinMiinU  that  were 
bnilt  within  that  re^^ion  subsequent  to  the  landing'  ot  the  whites,  there 
would  certainly  be  uothin^^  forced  or  illogical  in  the  infcr<Mice  that  they 
had  constructed  the  older  and  larger  series  of  works  during  the  j)ahny 
days  of  their  confederacy,  some  hundreds  of  years  before  the  time  of 
which  we  are  now  speaking.  Unfortanately  however  Bafinesque  fails  to 
make  good  his  statement;  and  though  the  evidence,  drawn  from  other 
eonrces,  bearing  upon  thin  ^loint  is  safficient  to  fhrnish  the  basis  for  a 
very  plausible  theory,  yet  it  does  not  afford  a  satisfaujtory  foandation 
for  an  indaetive  argument^  and  hence  it  is  altogether  omitted. 

For  tiiese  reasonsy  then,  we  are  without  any  historical  evidence  as  to 
the  origin  of  the  worlcs  in  the  northern  part  of  the  Ohio  Valley,  and 
as  there  is  do  probability  that  any  will  ever  be  discovered,  we  are 
obliged  to  fall  back  upon  the  comparative  method  in  order  to  see 
whether  there  are  any  such  differences  between  the  hill  forts  and  fortl< 
ficd  villages  of  southern  Ohio  and  those  found  in  western  ^ew  York 
and  in  some  of  the  Southern  States  as  would  authorise  the  inference 
that  they  were  the  work  of  a  people  in  a  different  stage  of  civilization. 

Beginning  with  the  forts,"  as  Governor  DeWitt  Clinton  §  calls  them, 
of  western  Kew  York,  we  are  told  that  they  wore  generally  speaking 
erected  upon  the  moat  commanding  ground,  and  were  surrounded, 

"Schoolcraft,  Tmreis  in  ('(•niral  I'orlwn  of  the  Mta^si^tiippi  V alley,  pp.  12H,  323. 

tBefineaque,  Anvient  JnnaU  of  Keniucky,  p,  25:  Frankfort,  1824. 

t  Gist,  in  |f .  12  of  the  Appendix  to  Pownall's  Topographicat  D^cripthm  of  Partt 
o/2forth  lm>  KK  It,  London,  1776,  HpeakH  of  a  "fort"  of  the  Twightwoca;  and  Cro» 
ghnn,  in  IICC}.  found  a  "  breustwfii  k nrar  tlu-  niiMitli  "1  till"  ;i1i.'iHh,  whifli.  ill  on»^ 
nKoiiiit,  is  "supposed"  to  have  been  erected  by  the  Juudiaas;  but  in  auotHer  tbo 
fact  if*  Htuted  positively. 

f  This  account  is  made  np  Utam  Clinton's  Disoonne  in  Colltetiotit  of  tk»  jV.  F. 
Hist.  Soc,  vol.  II,  p.  90;  Sqnier,  Jbor^tuU  Monitmtnt$  9fN*»  T«rk;  Monltoo,  BMory 
Xm  York,  vol.  i,  part  i;  Clark's  Onondaga,  etc.,  etc. 
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either  wholly  or  in  part^  by  ditches  and  earthen  walls.  The  palisades 
♦;hat  once  stood  on  some  of  these  embankments*  hud  long  since  rotted 
a^v  iv  ,  itiiii  ill  their  places  were  growing  oak  trei's  which,  from  the 
number  of  concentric  circles,  must  have  been  three  hundred  years  old; 
and  there  were  evident  indications,  not  only  that  they  had  sprung  nji 
since  the  erection  of  these  works,  but  that  they  were  at  least  a  second 
growth.  The  treuoheB  were,  in  some  cases,  deep  and  wide^  and  in 
others  shallow  and  narrow;  and  the  breastworks  varied  in  height  from 
3  to  10  feet.  In  one  case  near  Elmira  they  are  said  to  have  been  14 
feet  wide  at  the  base.t  There  were  one  or  more  entrances  to  these 
forts,  from  one  of  which  a  covered  way  ^'  sometimes  led  to  the  water4 
The  form  of  these  inclosures  was  determined  by  the  natnre  of  the 
ground;  and  in  area  they  varied  from  2  to  6  acres,  though  occastonaQy 
they  were  much  larger,  as,  for  instance,  the  one  near  Livonia,  K.  Y., 
which  contained  16  acre8,§  and  the  one  14  miles  from  Sacketts  Harbor, 
which,  according  to  Mooltou,  covers  50  acres.'^H  That  they  were 
very  numerous  is  evident  from  Squier>8  estimate,  placing  them  at  from 
200  to  260;^  and  as  they  seem  to  have  made  up  in  number  what  they 
lached  in  size,  it  is  equally  evident  that  taken  in  mass  the  amount  of 
labor  involved  in  their  construction  mast  have  been  immense.  It  would 
be  a  grave  mistake  however  to  regard  this  as  a  measure  of  the  popu- 
lousncss  of  this  region,  since  it  probably  resulted  from  the  custom  of 
the  Indians  of  changing  their  village  sites  every  ten,  fifteen,  or  thirty 
years,^  or  in  fact  whenever  the  scarcity  of  flre-wood,  the  exhaastaou  of 
their  fields,  or  the  prevalence  of  an  epidemic  made  such  a  step  desir- 
able.»» 

This  is  a  brief  general  description  of  these  inclosures  as  they  appear 
to-day;  and  if  wecompare  them  with  the  defensive  works"  as  depicted 
in  Ancient  Monnments  of  the  Mississippi  Valley,  it  will  be  swn  that 
they  are  very  like  those  along  the  Houthern  shore  of  Lake  Erie,  as  well 
as  the  smallest  of  those  in  the  Ohio  Valley;  and  that  they  do  not 
differ,  except  in  size,  from  those  found  in  the  same  vnllcy,  which  are 
nsnally  ascribed  to  th(>  niound-btiiUlers.  Tn  sitnntion.  forns.  rsnd  struc- 
ture they  Jne  tlic  same,  antl  tfs  hotli  were  covi'iH-il  with  heavy  forests, 
there  can  be  no  di^ereuce  urged  between  Uiem  upon  the  score  of  antiq- 

*  MSB.  of  Prof.  E.  N.  Horaford  in  Ahor.  Mvn,  of  New  York,  p.  38. 
t  Abmr.  Jfon,  of  Jf«w  Tork,  }\. 

i  Kirkland  MSS.  «inofcil  in  Monltmi,  Now  Ycnk,  jip.  IH  .md  17.  Ii:  onr  rasi»  he 
R{te:iksof »  'S-ovorcil  way  in  (Ihj  middle  of  »8t«>ckadc  duwu  to  tlic  water;"  iu  (ho 
other  he  says,  "st,  \vi»y  was  dug  to  the  water." 

^  Ahor.  Jfon.  of  Hew  Torkf  p.  44. 

I  /.  e.f  p.  15. 

U  Ahor.  Mon.  of  \vw  )  orA,  ]».  H.  Compare  Moiilton,  i>.  18,  who  says  that  on  the 
Moiith  side  of  Lrik<»  Erie,  for  ;»  diHtaiic»«  of  ">(>  miloM,  "  is  a  serir'^  <tf  old  fortificAtioas, 
Honiu  of  which  art-  from  'J  to  4  mil«'s  aj)art.  others  hull  a  iuii<n  only." 

♦•Sasartl,  Votfayo  diM  HuroHM,  tomo  I,  p,  81:  P»rw,  1885.  Lft  Ve^A,  i,  p.  365: 
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uity.  The  relics,  too— especially  the  iniiilemeiit^  ami  orjiauionts  of  stone, 
bouc,  aud  8liell — that  are  foTiiid  under  similar  circumstancos  within  or 
near  these  two  series  of  works  arc  idculical  in  form  and  flnish;  and  the 
best  specimens  ot  tlie  Iro(iuois  black  pottery,  descrilied  by  Morjiuu  *  as 
being  of  various  designs  and  sizes,  and  of  suth  "  fine  texture  as  to  ad- 
mit a  tolerable  i)olish,  aud  so  firm  as  to  have  the  appearance  of  stone,** 
can  not  have  beea  very  different  from  the  same  class  of  articles  that 
have  been  taken  from  the  moonds  in  the  Ohio  Valley.  Indeed  Mr. 
Squierf  says  that  the  terra  oottas  of  western  New  York  oompare  tAvW' 
ably  with  anything  he  had  yet  seen  of  native  workmanship;  and  that 
the  earthen  pipes,  said  by  Morgan  to  be  nearly  as  hard  as  marble,  &n- 
eiAiUy  molded  in  the  &rm  of  animals  aud  of  the  human  head,  are  so 
''hard,  smooth,  and  symmetrieal  as  almost  to  induce  doubts  of  their 
aboriginal  origin." 

in  view  of  these  manifold  resemblances,  too  numerous  and  too  dose 
to  have  been  the  result  of  accident,  it  behooves  ns  to  inquire  into  the 
origin  of  the  earth- works  in  western  New  York.  According  to  Mr. 
Squierf  they  were,  one  and  all — mounds  as  well  as  embankments^ 
''erected  by  the  Iroquois  or  their  western  neighbors; **  and  he  bases 
this  opinion  upon  a  comparison  of  the  "relics  and  traces  of  occupancy" 
that  are  found  within  these  abandoned  indosures  with  those  which 
mark  the  sites  of  towns  and  forts  that  are  known  to  have  been  oocn> 
pied  by  the  receut  Indians.  These  he  declares  to  be  identical,  as  is 
also  their  pottery,  whilst  their  pipes  and  ornaments  are  said  to  be  in- 
distinguishable. "  The  indications  of  aboriginal  dwellings  arc  precisely 
similar,  and,  so  far  as  can  be  discovered,  have  eqnal  ehiim  to  antiquity. 
Near  many  of  these  works  are  fonud  cemeteries,  in  w  hich  well-preserved 
skeletons  are  contained,  and  which,  except  in  the  absence  of  European 

"League  o/  the  Iroquois,  p.  354.  The  Indiaot  «Teiywh«w  eaut  of  the  lfflMiBipi»i 
and  flonth  of  the  l»k«8  had  made  gnat  progieaa  In  the  mannflMtiiTe  of  earthenware. 
Tbns  we  are  told  tbut  "the  Roauokc  Iiuliaus  have  earthen  pots,  largo,  white,  and 
Bvreet:"  llakluyt's  Voyages,  iii,  p.  304.  The  Crcekn,  Chickasaws,  etc.,  ''make 
earthen  pots  of  very  difl'orcnt  sizes,  ho  as  to  contain  from  2  to  10  gallons;  large 
pitchers  to  carry  water;  bowls,  dishes,  platters,  basins,  and  a  prodigious  namber 
of  other  Temels  of  such  antiquated  forms  as  would  be  tedious  to  describe  and  impos- 
sible to  name.  Their  method  of  glazing  them  is,  they  plaoe  them  over  a  largo  fire 
of  smoky  pitch  pirn-,  which  makes  them  smooth,  black,  and  firm:"  Adair,  p.  425. 
Among  the  Natchez  these  vesHcIs  were  '*d'uu  a8.«ez  beau  rouge:"  Du  Pratz,  ii,  p. 
179:  Paris,  1758.  "  Tbo  Naudowessies  make  bluck  pottery  nearly  as  hard  as  iron:" 
Carver,  pp.  101->223.  West  of  the  Mississippi,  at  Nagnatex,  there  are  vessels  made  of 
olay  which  differ  very  little  from  those  of  Ktitrcuioz  and  Montremor:"  Knight  of 
Elvjw  in  TTiHf.  Coll.  Loiusinna,  part  ii.  201.  In  .Uwient  Socieiy,  tiote  to  p.  .^30. 
Morgan,  on  the  authority  of  Mr.  F.  A.  Cushing,  tell<4  uh  that  **th«'  Iroqtioin  orna- 
mented their  jars  and  pipes  with  miuature  human  tacea  attached  att  ljuttous;  ''  and 
as  this  style  of  ornamentation  is  helieved  to  be  somewhat  nnosnal,  it  may  be  well 
to  say  that»  in  the  Peabody  Mnsenm  at  Cambridge,  tbere  are  several  bowls  of  black 
pottery,  from  stone  graves  in  Tennessee,  which  are  ornamented  in  this  nuumer* 

t  Ahor.  Mon.  of  JVet»  Ywk^  p.  13  and  cliapt« 

ti.  c,p.»a. 
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art,  differ  in  no  essential  respect  from  the  cemeteries  found  in  connec* 
tiou  with  the  deaerted  modem  towns  and  ^ castles'  of  the  Indiaos.^ 
This  is  certainly  a  very  strong  statement  of  the  case,  and  if  wc  add 
that  the  Huron-Iroqnofs  were  accnstoined  to  fortify  their  forts  or  ea><tlcs 
with  a  ditch  and  wall,  the  latter  surmounted  by  a  stockade,  it  will  be 
seen  that  Mr.  Squier  had  ^oo<l  and  sufficient  reasons  for  attributing  all 
these  works  to  the  recent  Indians.  Indeed,  now  that  tlic  palisades 
tliat  once  inclosed  the  villafjes  known  to  have  been  occupied  by  Che 
Iroquois  have  rotted  away,  tliere  is  no  struetur.al  difference  to  be  seen 
between  them  and  any  of  the  earthworks  of  western  New  York;  and 
as  these,  in  tlieir  turn,  are  identical  in  this  res]>eet  with  the  hill  frnts 
of  the  Ohio  Valley,  it  must  follow,  if  the  iroquois  oi  tlicn  \\  (  >tei  u 
neighbors  erected  the  New  York  serien  of  these  works,  ihai  there  is 
no  reason  why  these  same  western  neijrhbors,  or  a  people  in  the  Rame 
stage  of  civilizatiou,  could  not  have  built  those  in  Ohio  and  ^^till  fur- 
ther to  the  west,  duo  rejjard  beinj;  had  to  their  population  and  to  the 
necessity  for  such  defenses.  Thus  for  iu:itance  whilst  a  weak  or 
peacetul  tribe,  in  the  midst  of  enemies,  would  find  it  necessary  to 
fortify  theinselves  at  every  point,  a  strong;  and  wiirlike  jicople,  of  whom 
their  nei*;hbors  stood  in  awe,  would  be  relieved  of  this  neeessity,  ex- 
cept in  the  direction  from  which  they  anticipated  danger.  This  was 
forcibly  exemplified  in  the  case  of  the  Iroquois,*  when  in  the  heyday  of 
their  power;  and  it  may  still  be  seen  In  Kew  Meidco,  where  the  Pueblo 
of  Taos  is^  or  was  ontii  very  lately,  ^^sunounded  by  an  adobe  wall, 
strenfiftliened  in  some  places  by  rough  palisades,*^  t  whilst  tbeir  more 
warlike  neighbors,  like  the  Apache  and  the  Navsyo,  have  not  found 
snch  deiit^nses  necessary  or  even  desirable. 

Of  the  method  practiced  by  the  Harou-Iroqnois  of  forti^ing  their 
villages,  oar  aeconnts  are  very  fUU  and  explicit.  Parkman4  vhom  it  is 
safe  to  fiiUow,  in  an  admirable  sketch  of  the  Hurons,  tells  us  that  the 
defenses  of  this  family  of  tribes,  like  their  dweUingSywere,  in  essential 
points,  alike.  A  situation  was  chosen  fovorable  to  defense— the  bank 
of  a  lakei  the  crown  of  a  difficult  hill,  or  a  high  point  of  land  in  the  fork 
of  confluent  streams.  A  ditch  several  feet  deep  was  dugaronnd  the  vil* 
lags,  and  theearth  thrown  np  on  the  inside.  Trees  were  then  felled  by  an 
alteruate  process  of  burning,  and  hacking  the  burnt  part  with  stone 
hatchets,  and  by  similar  means  wore  cut  into  lengths  to  form  palisades. 
These  were  planted  on  the  embankment  in  one,  two,  three,  or  torn  con- 
centric Tows,^  the  whole  bei  ng  crossed  and  interlaced  after  the  manner  of 
achevaux  defrise,  and  lined  within  to  the  height  of  a  man  with  heavy 
sheets  of  bark.  At  the  top,  where  the  palisades  crossed,  was  a  gallery 

*  Morgan,  j).  314. 

t  Bancroft,  Xntive  Raeet  9/  the  Patifit  StaUXf  Tol.  I,  p.  GM. 

t Jesuits  in  America,  p.  xxix of  tho  Introduction:  Boston,  1S74.  Compare  Horgan, 
p.  3U;  Laatan,  vol.  11,  pp.  3  tt  nq.;  jSugacd,  Fo^ag*  de$  Hwrmf,  pp.  79^:  Faria, 
]i866. 
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of  timber  for  the  defenders^  together  witli  wooden  gutters,  by  whioh 
streams  of  water  could  be  poured  down  on  tires  kindled  by  the  enemy. 
There  was  no  mathematical  regularity  in  these  works,  their  form  being 
determined  by  tlio  nnfure  of  the  ground.  Frequently  a  precipice  or 
river  siifliccd  lor  partial  defense,  and  the  line  of  embankment  occurs 
only  on  the  exposcil  sides.  We  are  also  told  that  in  erecting  these 
works  it  was  probable  that  the  palisades  were  ]il;!Tit(>fl  tirst,  and  tlie*. 
earth  afterwards  heaped  on  both  sides  in  the  nianner  described  by 
Cusick*  and  La  Hontan.t  At  an  early  day  the  Jesuits  taught  the 
Hurons  to  l)nild  rectangular  palisaded  iVnis  wiili  bastions,  and  the 
Iroquois,  whose  forts  are  said  to  have  been  stronger  and  more  elaborate 
than  those  of  the  TTnrons,  soon  adopts  d  the  sann^  practice,  omitting,  in 
some  cases,  the  ditch  and  the  enii)anknient.  xVniong  the  Algonciuin 
tribes  of  wmtheastern  Kow  York  a  similar  method  of  Ibrtifn  atiuu  seems 
to  have  j)revailcd.  A(  (ordingto  Van  der  Donck,|  the  Indians  of  2sew 
Netherlands,  "  in  their  villages  and  castles  always  build  lirm,  strong 
works.  They  usually  select  a  situation  on  theside  of  a  steei»,higli  hiJl, 
near  a  stream  or  river,  whichisdifficaltof  access  except  from  the  water, 
and  inaccessible  on  every  other  side,  with  a  level  jjlain  on  the  crown 
of  the  hill,  which  they  inclose  with  a  strong  stockade  iu  a  singular 
manner.  First  they  lay  aliwg  on  the  gnmnd  lai-ge  logs  of  wood,  and 
frequently  smaller  logs  upon  the  lower  logs,  which  serve  for  the  fbunda- 
tion  of  the  work.  Then  they  place  strong  oak  palisades  in  the  groand 
on  both  sides  of  the  foundation,  the  upper  ends  of  which  cross  each 
other,  and  are  Joined  together.  In  the  npper  cross  of  the  palisade 
they  then  place  the  bodies  of  trees,  which  makes  the  work  strong  and 
ffrm.  These  castles  are  considered  very  strong,  and  they  frequently 
contain  twenty  or  thirly  houses,  some  of  which,  by  actaal  measnrement, 
are  180  yards  (He)  long,  and  about  20  feet  wide.  Besides  these  strong- 
holds they  have  other  vQIages  and  towns,  which  are  also  inclosed.** 
The  Pequots  of  Gonnectieat  were  a  kindred  tribe,  and  Vinoent,§  de- 
scribing their  fort  near  Kew  London,  says:  <<Here  they  pitch,  close 
together  as  they  can,  young  trees  and  half  trees  as  thick  as  a  man*s 
thigh  or  the  calf  of  his  leg.  Ten  or  twelve  foot  high  they  are  above  the 
ground,  and  within  rammed  3  foot  deep  with  banking,  the  earth 
being  cast  up  for  their  better  shelter  against  the  enemy's  discharge- 
ments."  A  fort  of  the  ^arragansetts  is  said  to  have  had  an  exterior 
ditch,ji  and  we  are  told  that  a  party  of  Mohegans,  having  invaded  Block 

*  In  YtA,  y  of  Schoolcraft,  India»  THben,  p.  637. 

t  !IWivc7«,  vol.  11,  p.  67:  "The  Hnroos  set  nppalecand  fftsten  them  with  earth.** 
''The  Indians  are  more  skillfiil  hi  erecting  tlieirfortificutionH  than  iu  building  their 
honaee;  here  yon  Hee  villagoH  snrroundoa  with  a  ffood  palisaile  ami  with  redoubts:'' 
Charlevoix,  LetterH,  ii,  p,  127:  Loadon,  1761. 

XNevo  Netherlands, 
^  \  JfoM.  BUi.  Coll.t  third  aerie«,  vol.  vi,  p.  39. 

I D wight's  7Varrr«,  vol.  ni,  p.  JKK:  New  Haven,  1S22. 

H.  Mis.  334,  i)t.  1  38 
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Island,  were  driven  to  a  higU  bluff  and  starved  to  death,  though  not 
until  they  hiul  found  means  to  "dig  a  trench  around  them,  toward  the 
land,  to  defend  them  from  the  arrows  of  their  enemies.^  *  In  1637  the 
Algonquins,  living  at  Trois  RiWeres,  Canada,  heing  alarmed  at  the 

rumor  of  an  Iroquois  attjick,  strengthened  tlieir  fort  by  erectinir  a  sec- 
and  row  of  palisades,  distant  firom  the  tot  about  a  foot  and  a  half,  and 
filling  the  intervening  space  with  fascines  and  earth,  f  According  to 
*  Charlevoix,  the  Outagamis  (Foxes),  in  1712,  made  an  attack  upon  the 
French  post  at  Detroit,  and  having  been  repulsed,  took  refuge  in  a  fort 
where  they  were  well  entrenched  {retranches).  The  fire  upon  them,  how- 
ever, wns  so  steady  tliat  they  were  obliged  to  got  into  a  ditch  4  or  5 
feet  deep  {sc  met t re  a  quatrc  oil  cinq  piedn  en  terre).  Taking  advantage 
of  a  lull  in  the  firing,  tin  y  miwle  themselves  masters  of  a  house  tliat 
was  left  standiug  no;ir  their  fort  and  raised  a  redoubt  (redonfr).  ^  Being 
eventually  driven  from  this  stronghold,  they  retired  to  a  peninsula  that 
jutted  into  the  lake,  where,  to  the  number  of  five  hundr- d  niPii  and 
three  thousand  wunieu  and  children,  they  shut  themselves  up  in  u  tort, 
surrounded  l\v  three  rows  of  oak  palisades  with  a  deep  ditch  behind.''  § 
Elsewhere,  as  we  have  stH'u,  tribes  in  Illinois  and  Indiana  belonging  to 
this  same  family  have  defended  themselves  in  a  similar  manner  within 
comparatively  recent  times;  and  in  the  narrative  of  Conrad  Wiser,  the 
interpreter,  we  are  tohl  of  a  ])la(  e  in  Pennsylvaui.i  where  "the  Indians, 
in  former  times,  had  a  strong  fortification  oil  a  height.  It  was  sur- 
rounded by  a  deep  ditch ;  the  earth  was  thrown  up  in  the  shape  of  a 
wall,  about  9  or  10  feet  high,  and  as  many  broad.  But  it  is  now  (1741) 
in  decay,  as  from  appearance  it  had  been  deserted  beyond  the  memory 
of  man.''  || 

In  Virginia  the  Indians,  aooording  to  Capt.  Smith,  had  ''paWzadoed 
townsy  mantelled  with  the  barkes  of  troes^  with  scaffolds  like  mounta.^'IT 
There  is  no  mention  of  a  ditc:h  or  of  an  embankment,  and  as  a  rule 
there  seems  to  have  been  but  one  row  of  palisades,  though  when  they 
would  be  very  safe  they  treble  the  pales."  Sometimes  they  enoom- 
passed  their  whole  town,  but  for  the  most  part  only  their  kings'  houBes, 
and  as  many  others  as  they  judge  sufficient  to  harbor  all  their  people, 
when  the  enemy  comes  against  them."  This  mode  of  defense  was  kept 
up  in  Carolina  until  the  final  expulsion  of  the  Indians,  as  we  are  told  tiiat 
the  Tuscaroras  (1712-'13)  built  theur  forts  in  this  manner,  and  upon  one 
occasion,  when  besieged  by  the  whites,  they  refused  to  surrender  until 

*  Masn.  Hisl.  Coll.,  third  series,  vol.  vi,  p.  197. 

t  Le  Jcuue,  Jielation,  1637,  p.  83.   In  the  ortgiual  it  reads:  "Avec  desseln  de  rem- 
plir  C6  vnide  de  faBoines  et  de  tem.** 
t  Nourellt'  Fmuce,  vol.  IV,  pp.  97  Mid  98. 

$  7 /'I J.,  p.  l:-r>. 

11  PubliHhed  in  vol.  iv.  8chool<  ratt.  Indian  I'ribe«f  p.  326, 
U  Purcbas  Pilgrims,  vol.  iv,  p.  1715. 
**  Beverly,  book  iii,  p.  12, 
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eaimon  were  planted  within  a  few  yards  of  their  walla.*  In  the  States 
still  fiurther  to  the  south,  the  same  method  of  fortiflcattoii  was  prac- 
ticed. Le  Moyne,  the  artist  of  Laudonnitee's  expedition,  gives  a  picture 
of  one  of  these  viUages,  t  which  is  surrounded  by  a  single  row  of  paliv 
sades,  twice  the  height  of  a  man,  set  close  togetiier.  The  entrance  is 
narrow,  drawn  in  after  the  manner  of  a  snail  shell,  and  is  further  de- 
fended by  two  small  round  buildings,  with  slits  and  holes  for  observa- 
tion, something  like  an  old-fiishioned  sentry  box. 

In  the  Gulf  States,  including  under  this  head  portions  of  Tennessee 
and  Arkansas,  the  Indians  have  been  in  the  habit  of  forti^ng  their 
vilages  with  ditches  and  stockades  from  the  time  of  De  Soto  down  to  the 
beginning  of  the  present  century.  As  late  as  1814  the  position  of  the 
Creeks,  at  the  battle  of  the  Horseshoe,  is  said  to  have  been  protected 
by  a  line  of  earth-works  from  6  to  8  feet  high,}  and  about  1735,  almost 
a  century  earlier,  the  Chickasaws  met  the  attack  of  Bienville  In  a 
stockaded  fort,  and  standing  waist  deep  in  a  ditcb.§  Going  back  still 
further,  we  are  told  by  the  Portngnese  gentleman  i|  that  the  wall  around 
a  town  belonging  to  the  Cacique  of  Co^a,  as  well  iis  that  ^^of  others 
which  aft<*rwards  we  saw,  was  of  great  posts  thrust  deep  into  the 
ground,  and  very  rough;  and  many  long  rails,  as  big  as  one's  arm,  laid 
ai'i  oss  bptwofn  them,  and  the  wall  was  about  the  height  of  a  lance,  and 
it  was  daubed  within  and  witlnrnt  with  olay,  and  had  loopholes.''*  The 
town  of  Mauvihi  was  situated  in  a  jdain.  ami  ronsisted  of  eiy:hty  liouses, 
the  smallest  of  wliicli,  ai'cord in to  La  N'rga,  might  contiiin  six  hundred 
I)ersons.  Tt  wa><  surrounded  by  a  hip:h  laniparf,  i)alisaded  with  heavy 
beams  of  witod  planted  in  the  f^rnund,  and  with  timbers  pla^'ed  cross- 
wise. J'he  vn<*ant  places  were  tiUed  in  with  earth  mixed  with  straw, 
so  that  the  wall  l<Mfked  like  a  piece  of  Tuasonry.  At  every  50  paces 
theiM  was  a  small  tower  with  looi)hu]es  large  enough  to  hold  ei<;]it 
men  The  town  had  twog«ates  and  a.  large  square  in  the  middle,  which 
was  surnmnded  by  the  principal  in)uses.f|  West  of  the  Mississippi 
was  the  village  of  Capaha,  wlii(  h  is  said  to  have  C(msisted  'A  live  hun- 
dred houses.   It  was  situated  on  a  little  hill,  suiTouuded  by  a  ditch  10 

'  Martin,  Xortk  Cafoflffo,  vol.    p,  251:  New  OrlMlw,  1829. 

t  T'f'  Hry,  ptat"-  x\x. 

{Sjcboolcratt.  Indian  I'rihr.'i,  Vdl.  VI,  ]».  372. 

^  Uiat.  Coll.  of  LoMitiana,  part  ii,  p.  S3 :  "  hurrouuded  by  timber  1  cubic  foot  placed 
circularly  with  three  rows  of  loopbolea ;  the  Chicftchae  were  bedded  to  the  stomach  in 
the  earth/'  etc.   **  A  large  village,  surronnded  by  a  kind  of  wall  made  with  potter's 

clay  and  sand^  fortified  with  little  towers  at  intt'r\  als,  wliere  wo  found  fastened  to 
a  post  the  arms  of  Spain  «'?vtjrav(Ml  on  a  ropper  plate,  <lat»  «l  ir»MS."  Cavclier  in  Shea's 
Karly  Voyages, p. 21,  Albany,  1^1.  "The  old  village  of  the  Akansca,  where  they 
formerly  reoeiTed  the  late  Father  Marquette,  and  which  is  discernible  now  only  by 
the  ontworks  (ilekort),  there  being  no  cabins  left.''  Father  Orsvier  in  Shta't  Mmig 
Votiayes,  p.  126. 

Cofl.  of  /  '>,./(\ia«<i,  part  Ij,p.l63. 
il  La  Ve^a,  secoude  partie,  p.  19. 
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or  12  cubits  deep,  and  50  paces  wide  in  most  plaoeft,  and  in  others  only 
40.  This  ditch  was  kept  ftall  of  water  by  means  of  a  canal  that  had 
been  dug  firom  the  town  to  the  river  Ghncagua.  The  canal  was  3 
leagues  long,  a  pike's  length  at  least  in  depth,  and  so  broad  that  two 
large  boats  could  navigate  it  side  by  side.  The  ibsse,  filled  by  this 
canal,  surrounds  the  city  except  in  one  place,  which  is  closed  by  heavy 
posts  planted  in  the  ground,  and  £utened  by  means  of  others  placed 
crosswise,  the  whole  being  covered  with  earth  and  straw.  Within  this 
town  was  the  temple,  in  which  were  deposited  the  bones  of  the  aucea- 
tors  of  the  Capaha  chief.  This  the  Indian  allies  of  De  Soto  piUaged, 
breaking  open  the  coflSns  and  scattering  the  bones.  They  also  removed 
the  heads  of  their  countrymen,  who  had  been  killed  in  previous  wars, 
and  substituted  those  of  the  Ca])ahas  who  had  fallen  in  thereceut  ba^ 
tie.*  This  is  the  account  left  by  Le  Vc^a  of  this  village,  and  though 
it  is  evidently  exaggerated^  as  are  all  of  his  descriptions,  yet  there  can 
be  no  doubt  that  it  is  substantially  true,  as  it  is  confirmed  in  all  tm* 
portaut  particulars  by  the  other  chroniclers  of  that  expedition.  Thus, 
for  instance,  Biedma  t  tells  us  that  "  they  re^iched  a  village  in  the  midst 
of  a  plain,  surrounded  by  walls  and  a  ditch  which  had  been  made  by 
the  Indians,  filled  with  water;*'  and,  according  to  the  Knight  of  Elvas4 
this  town,  which  he  calls  Pacaha,  *'was  very  great,  walled,  and  beset 
with  towers,  and  many  loop-holes  were  in  the  towers  and  wall.  -  -  - 
Where  the  governor  was  lod-^cd  was  a  pfi oat  lake  that  came  near  unto 
the  wall;  and  it  entered  into  a  ditch  tliat  wvnt  ronnd  about  the  town, 
wantinpf  hut  a  littU*  to  environ  it  around.  From  the  lake  to  the  great 
river  was  inadr  a  \v<*ar  by  which  the  fish  <*ani<'  into  it.  -  -  -  With 
nets  that  wci  b  found  in  the  town  they  to<ik  as  much  as  they  would ; 
and  took  thvy  never  so  much,  there  was  no  want  perceix  od.  Withiu  a 
league  5111(1  a  half  tlien*  were  otliri'  trr«'at  towns  all  walled." 

Procecduij^  still  farther  to  tin-  iKii  thwest,  we  are  tohl  that,  within  the 
present  ceTitury,  the  Mandan.s,  Ankaras,  and  other  tribes  livinj;  high 
up  on  the  Misscmri,  avIumi  they  were  first  visited  by  the  whites,  were 
ac  niistonicd  t^)  fortify  their  towns  by  ditches,  emhankmeuts,  and  pali- 
8a(i(  s.  Lewis  and  Clarke  made  repeated  nu  ntiou  of  recently  abandoned 
Indian  \  illa^t's,  surrounded  by  earthen  walls,  which  in  one  v^m  at 
least,  are  said  to  have  been  8  or  10  feet  higli :  >  and  Uracken ridge,,;  who 
visited  these  same  tribes  in  1811,  tells  us  of  a  eitadel  or  fortification 
oval  in  form,  and  4  or  5  acres  in  extent,  anmnd  which  a  \iilage  had 

"idftf.   Si-(  <>ii<I<'  p  it  tii',  livro  second,  chnp.  vi  and  vu.   Compftn  tiiis  with  the 

arroniit  <>f  tin-  rcmi»lt^  nf  tlie  T«'iiHaM,  hy  Tonti,  on  p.42. 
t  Jhsl.  ( 'oil.  'if  Louisiana^  piwrt  u,  p.  105, 
il.  c,  part  n,  p.  172. 

$  LewiB  and  Clarke,  vol.  i,  pp.  62, 92, 94, 97, 98,  lOS,  ete. :  Philadelphia,  1B14.  **The 
Omaha*  and  Fawneoa  too,  m»  I  am  told  by  Miss  Alice  G.  Fletcliur,  fonnerly  dug 

ditchf'B  around  their  villages,  and  inndo  wnlls  from  3  to  5  ffet  hij^h.'* 

II  VietcH  of  Lnniinann,  p.  H»>  adds;  "Probably,  in  caae  of  aiege,  tJie  witole 

village  wa«  crowded  into  this  Mpace." 
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apparently  been  built.  The  earthen  wall  tliat  inch)se(l  this  foi-t  was 
about  4  feet  high,  and  upon  it  cedar  ijo.sts  were  still  standing.  Struck 
with  the  reseniblane*,  "in  every  respeet,"  between  theso  ruins  and  the 
"vestiges,"  as  he  calls  the  earth- works  on  ihc  Ohio  and  llie  Mississippi, 
he  very  justly  coneluded  that  these  latter  weie  but  the  sites  of  stockaded 
towns  and  villages;*  and  this  inference  is  borne  out  by  the  laet  that  on 
some  of  tlieni  *' the  remains  of  pallisadi>es  were  Ibuud  by  the  Jirst  set- 
tlers.'^ 

That  this  resemblance  is  not  altogethei-  fam  iful  will  be  ailnutkd  b^' 
those  who  have  followed  the  course  of  this  investigation,  though  it  is 
possible  that  the  comparison  would  be  more  just  if  it  were  limited  to 
the  hill-forts  of  the  Ohio  Valley.  IJefensive  works  of  tlu»,  character  of 
these  latter  seem  to  have  been  the  same  everywhere,  and  whether  built 
by  Iroquois^  Chickasaw,  Mandan,  or  Mound-builder,  admit  of  no  dis- 
tinctioa  in  situation,  form,  or  Btxncture.  Kot  so  however  with  the 
class  of  works  to  which  the  term  fortified  village  has  been  applied. 
These  are  groups  rather  than  single  works,  and  though  primarily  noth- 
ing  but  mounds,  ditches,  and  embankments,  and  as  such  differing  in 
nowise,  except  perhaps  in  size,  from  similar  structures  elsewhere,  yet 
they  are  often  arranged  in  such  a  complicated  manner  as  to  have  but 
little  in  common  with  the  indosures,  north  of  the  Ohio,  that  are  known 
to  have  been  erected  by  the  modem  Indians,  For  theur  counterparts 
we  must  look  to  the  Gidf  States,  Georgia  and  Arkansas,  and  it  is  pos- 
sible that,  even  here,  they  will  be  found  to  be  neither  so  large  nor  so 
complicated.  Upon  this  point  however  it  is  necessary  to  "  make  haste 
'  slowly,"  as  our  knowledge  of  the  earth-works  in  the  Southern  States  is 
very  slight;  and  there  can  be  no  doubt  that  the  statement  of  the  Portu- 
guese Gentleman  t  as  to  the  existence  of  *^  great  and  walled  towns,  and 
many  houses  scattered  all  about  the  fields,  to  wit:  a  cross-bow  shot  or 
two,  the  one  from  the  other,"  taken  in  connection  with  what  is  known 
of  the  manner  in  which  these  tribes  built  their  houses  and  fortified 
tlieir  villages,  is  suggestive  of  a  condition  of  aftairs  strong  1>'  resembling 
the  famous  mound  centers  of  the  Ohio  Valley.§    In  all  other  respects, 

*  IHd.,  p.  183.  Compare  Catlio,  yoI.  ii,  pp.  2S0  «(.  teq. 
«jrM«.,p.3L 

tl.  c,  pp.  160,  169,  170,  144,  imd  172.  Tlio  Indian h  everywhere  thronghoui  this 
region  built  their  villages  in  groups,  «ome  ot  which  were  very  larjije.  Vi^nn  this 
point  consult  the  other  chroaiclers  of  l>e  Soto's  expedition  and  the  narrativcH  of 
Ffttlier  Donay,  p.  204,  wdd  Grazier,  pp.  133,  138,  and  148;  also  Adair,  p.  362,  and 
Charleroiz,  XeUer*  ii,  p.  245  e(  §eq. :  London,  1761. 

^  A  series  of  ezpl<mtions,  under  the  anspicc^  of  the  Peabody  Museum  of  American 
Arcli;»"'>l(»tTy  ;in»l  T'tlinolojjy,  hnn  recently  been  conducteil  amid  the  njonnds  and  vil- 
lage sites  of  the  northeastern  portion  of  Arkansas — the  region  that  the  C'apahas  are 
supposed  to  have  inhabited  in  the  time  of  De  Soto,  and  where  they  were  fonnd  by 
Fathers  Donay  and  ChaileToix  in  1687  and  1721^and  it  is  cnriona  to  note  bow  the 
statement  of  the  old  chronicler  as  to  the  exietencc  of  "  walled  towns  within  a  league 
or  a  league  and  :i  half  of  oa(  li  other  "  is  verified.  See  Fom  teenih  Annrtnl  IJcport  of 
the  Fwhodjf  MuaeutUf  p.  Id,  where  we  are  told  that    thetk>  mounds  ore  usually  sui- 
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the  works  of  the  Soutlicrii  Indians^  such  as  they  have  been  described 
by  the  early  <  lironiclers,  will  compare  iiivorably  with  anything  of  the 
same  character  that  has  yet  boon  foiuifl  in  the  Unite<l  States.  The 
truncated  or  temple  ttioutuIs  arc  far  more  numerous  in  the  Stat^jj*  Bouth 
of  the  Ohio  than  anywhere  lilso  in  the  Mississi]>i)i  \'allcy,  and  except 
in  one  or  two  notable  instances,  are  of  larger  size;  whilst  the  artiUcial 
ponds,  with  canals  to  feed  them,  are  believed  to  be  pecuUai*  to  that 
region. 

Of  the  other  earth  works — the  stone  cairns,  burial  mounds,  graded 
waj'S,  ditches,  and  embankniciits — it  can  only  be  said  that  they  are  com- 
mon to  both  sections,  and  that  the  only  difference  between  them  is  in 
their  size,  orin  the  order  in  which  tliey  are  sometimes  grouped  together. 
Even  in  these  particulars  tlie  atl vantage  is  not  always  on  one  side,  for 
the  reason  that  there  is  no  uniformity  in  any  of  the  \w»rks,  and  whilst, 
as  a  matter  of  fact,  the  largest  and  most  complicated  group  of  the  Ohio 
system  exceeds  anything  that  has  yet  been  fuun<l  in  the  Gulf  States,  it 
is  equally  true  that  there  arc  mounds  and  embankments  south  of  the 
Ohio  that  are  larger  than  are  many  of  those  found  to  the  north  of  that 
stream.  Between  the  giant  mass  of  the  Cahokia,  111.,  moand  and  the 
long  lines  of  embankment  on  Paint  Greek,  Ohio,  and  their  ooanterparts 
in  Mississippi*  and  elsewhere  in  the  Bonthem  States^t  the  difference  is 
much  less  than  it  is  between  these  same  works  and  the  average  of  those 
of  similar  character  in  the  northern  half  of  the  Ohio  Val  ley.  Bat  even 
if  there  were  no  such  differences,  and  the  gronps  in  the  Ohio  system  of 
works  were  uniformly  of  larger  sise  and  more  complicated  pattern  than 
can  be  found  elsewhere  in  the  United  States,  the  fact  would  still  be 
without  any  ethnical  significance;  otherwise  we  should  have  to  admit 
that  there  existed  in  the  Ohio  Valley  at  or  about  the  same  time,  and  in 
close  proximity  to  each  other,  as  many  different  races  or  phases  of  eivi- 
lization  as  there  are  groups  of  works,  and  this  would  be  absurd. 

With  the  establishment  of  this  point,  my  task  is  brought  to  a  close. 
In  it  I  have  confined  myself  almost  entirely  to  the  historical  proof  of 
the  recent  origin  of  these  works,  and  except  incidentally,  have  ignored 
the  argument  that  may  be  drawn  from  the  similarity  of  burial  customs, 
and  from  the  identity  of  the  implements  and  ornaments  fbund  in  the 

rounded  b.v  earthwork.s  and  ditches,  foruiiug  iaclosnre^  of  from  3  or  4  to  18  or  20 
acres;"  aod  the  MS,  fi«ld  notes  of  the  late  Ur.  Edwin  Cortiss,  now  in  the  Fsebody 
Huseam,  for  the  relative  situation  of  some  of  these  iuclosurss. 

*TLi>  jc^reut  moand  at  Se1txert<>\vn,  Mira.,  acccmlhig  to  Hrarkenridge,  Appendix  to 
VUtci*  of  Louisiana,  was  a  trnnfat«d  ])yraiiiid  600  by  400  feet,  an<l  40  fpot  in  p«"r|><»n- 
diciilur  height.  It  wim  asceuded  hy  graded  ways,  and  the  are*  «iu  top  embriiml 
about  4  acres.  At  each  uud  of  this  area,  aud  uuar  the  center,  were  other  mouudn. 
one  of  which  was  about  40  feet  high,  with  a  level  spaoe  at  its  snnimit  90  feet  in  di- 
amcter.    The  whole  wan  Miirrouiided  by  a  ditch  that  averaged  10  feet  deep. 

f  For  lln^  size  of  some  of  these  works,  mpp  anfr,  font-note  *  on  ('i«niparf 
alHi>  Squier,  Aborig.  Muti.  of  the  Mhn.  f  alley,  pp.  113  et  »eq.,Skiid  Jouee,  Antiquilieg  of 
the.  Southern  Indiana,  p.  1G3,  New  York,  1873. 
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inoiinds  with  those  that  are  known  to  have  lieeii  made  and  used  by  the 
reeeiit  Iiulians.  This  has  not  proeeeded  from  any  failure  to  a])preci- 
nU'  the  tiiil  ethnical  significance  of  these  resemblauces,  noi  has  it  been 
caused  by  any  lack  of  mat^^rial :  bnt  it  has  been  the  result  «>f  t  he  limits 
voluntarily  placed  upon  tht  !n\ estigatiou.  At  smne future  Uiueitmay 
l>c  necessiiry  to  revert  to  this  subject,  and  then  it  will  lie  competent  t4> 
show  that  the  "vestiges  of  art'^  found  in  th<'  mounds  'Mo  not  excel  in 
any  res])oct  those  of  the  Indian  tribes  known  to  history."*  In  the 
meantime  wocan  well  aftbrd  to  content  ourselves  with  this  brief  and 
cursory  examination  into  tl»e  early  records.  ►Summing  up  the  results 
that  have  been  attained,  it  may  be  safely  said,  that  so  far  from  there  be- 
ing any  a  priori  reason  why  the  red  Indians  could  not  have  erected  these 
works,  the  evidence  shows  conclusively  tliat  in  New  York  and  the  Gulf 
States  they  did  build  mounds  and  embankments  that  aic  essentially 
of  the  same  charsicter  as  those  found  in  Ohio.  And  not  only  is  this 
true,  but  it  has  also  been  shown  that  whilst  for  reasons  that  have  been 
given,  we  are  without,  any  historical  account  of  the  origin  of  the  Ohio 
system  of  works— the  only  one  about  which  there  seems  to  be  any  dis- 
potfr— yet  there  ean  be  no  doabt  that  one  of  the  more  elaborate  of  them, 
viz:  the  mound  at  Oircleville,  in  which  were  found  articles  of  iron  and 
silver,  was  built  after  contact  with  the  whites,  and  therefore  by  the  re* 
cent  Indians. 

In  view  of  these  results,  and  of  the  additional  fact  that  these  same 
Indians  are  the  only  people,  except  the  whites,  who,  so  far  as  we  know, 
have  ever  held  the  region  over  which  these  worlcs  are  scattered,  it  is 
believed  that  we  are  fully  justified  in  abandoning  the  seemingly  nega- 
tive position  occupied  at  the  outset  of  this  argument,  and  in  claiming 
that  Uie  mounds  and  inclosures  of  Ohio,  like  those  in  l^ew  York  and 
the  Gulf  States,  were  the  work  of  the  red  Indians  of  historic  times,  or 
of  their  immediate  ancestors.  To  deny  this  conclusion,  and  to  accept 
its  alternative,  ascribing  these  remains  to  a  mythical  people  of  a  diifer- 
ent  civilization,  is  to  reject  a  simple  and  satisfactory  explanation  of  a 
foct  in  fiivor  of  one  that  is  far-fetched  and  incomplete;  and  this  is 
neither  science  nor  logic. 

'  I.  W.  Powell,  in  Trannaetiont  of  th€  AntkrapoUtgioal  Hodetg  o/  fVtuhingUmf  p,  lit}: 

F^iuiplilct,  1«81. 
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By  (;.  V.  Smith. 


In  the  discussioim  whieli  have  been  going:  for  more  than  tliirty 
years  conceruuig  tbe  division  of  the  Stone  age  in  Denmark  into  two 
periodsy  that  of  the  shell  heaps,  and  that  of  the  megalithtc  monuments, 
one  of  tbe  principal  objections  made  to  the  theory  of  Worsaae  has 
always  been  that  the  blades  simply  chipped  could  not  be  employed 
as  axes,  and  ought,  ui>on  the  whole,  to  be  taken  out  of  the  list  of  cut- 
ting instrument8.t 

These  implements  have  however  when  they  are  in  good  condition, 
a  sharp  border,  analogous  to  an  edge,  whioh  has  always  been  produced 
by  the  same  process,  that  is  to  say,  by  striking  off  a  single  chip  from 
each  side  of  a  flint  disc  so  as  to  form  an  edge  by  the  line  of  intersec- 
tion of  the  two  faces,  whose  angle  of  inclination  is  not  ordinarily 
larger  than  the  corresponding  angle  of  the  cutting  part  of  the  polished 
axes.  But  objection  has  been  made  that  this  sharp  border  is  not  suit- 
able for  an  edge^  consequently  the  implement  could  not  be  employed 

an  ax. 

If  we  examine  with  cure  the  great  series  of  chipped  blades  which 
are  found  in  such  abundance  in  the  Kational  Museum  of  Copenhagen, 
as  well  as  in  other  Danish  colleetions,  we  iind  out  however  that  in  all 
the  examples  in  good  <'ondition,  the  cutting  part  is  precisely  like  an 
edge,  whether  we  regard  the  form  or  tbe  idea  of  a  entting  tool,  also 
from  tliis  point  of  view  it  does  not  seem  rational  that  this  kind  of  edge 
would  have  been  merely  accessory  in  the  chipped  blades  and  that 
they  did  not  have  any  importance  in  the  eyes  of  those  who  made 
use  of  these  im|)lcincnts.  It  is  thon  difflnilt  to  underst^ind  why 
there  is  any  hesitiitioii  in  consideriii;;  them  to  have  been  cutting  im- 
plements, esi)ecially  when  it  is  possible  to  show  the  successive  dev<»l 
opmeut  of  the  forms,  from  the  largest  blades  to  the  most  complete 

*Froin  Aarbfger  fer  nordisk  OldkyndigliiMl  og  HiAtoxie,  1891,  3  ser.,  vi,  fiMC.  i, 
pp.  3S.3-396,  u\u\  reiulerod  into  French  by  K.  Beaavois,  in  Mtm*  d,  I.  Soe,  Boy.  d» 

Antiq.  du  Xord.  Copenhacfti.  n.  n.  <K)-110. 
t  Mem,  d.  I,  Hoc,  d.  Antiti.  du  Surd,  im-m,  371. 

SOI 
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typcis  o<l<;cil  iustniments  made  in  tlu'  usual  ni  iiiiier  lur  blades  and 
approachiug  more  aiul  more  the  pubii»licd  tliut  axes. 

B1;h1«  s  with  a  perfect  edge  are  rare,  naturally;  for  it  was  not  worth 
the  iroubli'  to  rofut  them,  and  those  were  thrown  away  which  coald 
not  be  used.  Thf  ed^e  prodiuuHl  by  simply  striking  off  two  fragiue&ts 
of  tlint,  without  doubt,  had  n  ii  th*  n  sistance  of  an  edge  made  by  pol- 
ishing; but  as  the  ancients  did  not  i'\]M'rience  any  difficulty  in  making 
new  l)lades,  the  frailty  of  the  edfje  would  not  be  of  any  <,n  rat  iniiK)rt- 
anee,  as  tlu*y  liad  flint  in  id)undance.  It  is  tins  whi(  h  luiturally  ex- 
plains th«'  fjficat  (quantity  of  blades  more  or  less  tlania^ed,  which  are 
found,  not  only  on  the  Danish  borders  and  in  the  shell  heaps,  but  any- 
where in  the  interior  of  the  country. 

The  question  of  the  use  of  these  blades  as  cutting  instmments  has 
already  been  fully  treated,  especially  by  Dr.  Sophus  Miiller.*  1  will 
not  go  into  details.  The  theoretical  part  of  the  sabject  has  ako  been 
ezbaasted*  It  only  remains  to  prove  by  practical  experimeute  how  far 
the  blades^  when  fomished  with  handlee,  can  ont  wood. 

The  saccesB  of  these  experiments  ought  to  be  a  strong  argument  in 
&Tor  of  tiLOse  who  hold  that  flint  blades  of  the  andent-shell-heap  epoch 
have  been  nsed  in  the  same  manner  as  polished  tools  flrom  the  last 
period  of  the  Stone  age,  that  is  to  say,  as  cutting  or  chopping  instru- 
ments, and  as  weapons.  I  have  undertaken  these  experiments,  aod 
give  here  the  results.  The  co-operation  of  an  able  assistant  was  indis* 
pensable  to  me.  So  I  called  in  the  aid  of  a  master  carpenter  of  AarhnSy 
M.  Helstrup,  who  has  shown  great  interest  and  aptitude  in  the  sub- 
ject in  assisting  me  in  the  practical  part  of  the  work. 

The  blades  used  have  been  hafted  partly  in  imitation  of  the  stone 
axes  which  are  to  be  found  in  the  National  Museum  of  Copenhagen 
(Department  of  Ethnology),  and  partly  after  the  cuts  in  works  on 
Aichaeology.f  In  trying  the  different  kinds  of  mountings,  it  was  de- 
cided that  the  most  advantageous  form  is  one  copied  from  works  on 
the  construction  of  pile  dwellings  of  the  Swiss  Lakes,  I  made  a  maple 
handle  7  centimeters  (2)  inches)  in  diameter,  and  about  58  centimeters 
(2.'^  inches)  in  length,  preserving  this  thickness  about  12  centimeters 
(4f  inches)  from  the  end,  and  then  tapering  it  slightly  to  the  other  end. 

As  the  blades  phiced  at  my  disposal  for  the  experiment  were  relatively 
small,!  could  not  fasten  them  directly  into  the  handle;  the  edge  would 
have  been  so  near  the  handle  that  it  would  have  made  the  work  difil- 
cnlt,  especially  in  cutting  down  trees,  where  it  would  have  boon  neces- 
sary to  strike  at  an  open  angle;  besides,  in  a  handle  of  this  kind  it 
was  diflh  ulf  to  <,nvo  stal)ility  to  the  stone  bla4le.   The  blades  would  be 

*  "ClftMiflotttioii  of  the  aut  iquittM  of  Denmark,  Copenhagen,''  1888.  Mm,  i.  1. 80e. 
if.  Antiq»  du  Nord,,  1884-*89,  p.  731.  Atatk.f.  Kord.,  OUkgmdigMt,  eto.,  1888, 1890. 

f  J.  Evans:  .tnvient  Stone  JmpletnentH  of  0 
og  Otdsager  fra  Eflnrn  otu  Ih-uhohit.  ri  Archooloiji^'hr  ^'xkrlo^elMrf  1878-1881.  KeUMT: 
Pikhlbauten^  MUth^il,  d.  AHti4iHar,  {r0»eU»ck  in  Ztirich. 
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moniit^  d  more  advjintageously  in  an  intermediate  piece,  like  those 
which  were  generally  tuiule  for  the  axes  of  stone  in  handles  found  in 
the  Swiss  lake  cities.  First  of  all,  by  that  ineaiis,  It  became  possible 
to  fix  them  immovably  in  the  helve;  and  secondly,  which  was  most 
essential,  to  place  betwe»Mi  the  edge  and  the  liaridle  the  distance  appro- 
priate for  the  use  of  the  imi)lemeut.  The  intermediate  pieces  which  I 
used  were  of  elm  or  beech  0.12  to  0.13  meter  (4'^  to  5  inches)  l*>nr',  0.1  to  0.5 
luetei'  (KitoJO  inches)  wide,and  0..;  t(»i).4meter  thick.  TIksg  were  split 
atone  end  to  insert  the  blade.  nn<l  rlie  interstices  were  hlled  with  akind 
ofpitcli  used  by  saddlers.  Alter  having?  wrapped  with  a  piece  of  leather 
the  two  sides  of  the  blade  which  protruded  beyond  the  cleft,  this  was 
tightly  bound  with  cord.  The  other  end  of  the  intermediate  piece  was 
rounded  ami  slij^litly  pomted  so  as  to  be  more  easily  introduced  into 
the  corresponding  hole  in  the  handle.  This  hole  was  bored  obliquely 
in  the  middle  of  the  thickest  part  of  the  handle,  in  such  a  way  that  the 
blade  formed  an  obtuse  angle  with  the  a])per  extremity  of  the  handle. 
This  arrau<;einent  was  found  to  be  necessary,  for  otherwise  it  would 
not  have  been  the  middle  of  the  edge  which  struck  the  tree  but  the 
outer  corner;  that  is  to  say,  the  one  farthest  from  the  hand.  This 
point  would  haye  soon  been  probably  broken,  which  would  not  be  the 
case  when  tiie  edge  was  properly  set  in  an  oblique  position.  This  solid 
hafting  was  Ufce  those  used  in  Demnark  in  primitive  thnes,  and  the 
dowel  of  wood  in  which  is  set  a  blade  found  in  the  floids  of  Kolding 
and  represented  on  page  392  of  the  memoir  of  S,  MWer,  served  as 
an  intermediate  piece. 

With  these  blades  thus  hafbed  I  have  ezeeated  the  works  here  de- 
scribed on  green  pine,  not  that  the  kind  of  wood  plays  an  important 
part  in  these  experiments,  for  it  is  to  be  supposed  that  blades  cutting 
one  kind  will  do  as  much  on  all  other  kinds  of  the  same  hardness;  bnt 
as  most  of  the  fi>restsof  Denmark  during  the  stone  age  consisted  nearly 
exclusively  of  pines,  as  Prof.  Steenstrup  has  demonstrated,  I  have  made 
my  investigations  on  the  Pinua  silvestris  of  different  sizes  cut  down  in 
the  weeds  of  FrQsenborg  in  the  beginning  of  January,  and  I  have  con- 
tinned  them  fVom  the  27  th  to  the  Slst  of  the  same  mouth. 

I.  A  stick  of  pine  wood  0.(K>55  meter  in  diameter,  which  was  fixed  per- 
pendicularly on  a  work -bench,  was  cut  in  two  in  three-quarters  of  a 
minute;  it  did  not  break  off  until  it  had  been  reduceii  to  0.007  meter 
in  diameter;  the  severe*!  piece  was  sharpened  like  a  pile. 

IL  Another  stick,  0.1225  meter  in  diameter,  placed  in  the  same  posi- 
tion was  cnt  in  ten  minutes.  It  was  broken  off  by  force  when  it  was  not 
more  than  0.02  meter  in  diameter. 

III.  A  stick  placed  in  the  same  position  was  cnt  in  eighteen  minutes; 
it  broke  off  when  it  was  O.Oo  meter.  It  was  necessarj*  to  strike  1,578 
blows  to  do  the  work.  At  the  1,48.3th  strike  a  little  fragment  sepai'ated 
itself      the  edge.  Even  at  the  begiuniug  the  edge  struck  accidentally 
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ou  a  piece  of  iron  which  made  it  botuid,  and  caused  a  small  fragmeot 
0.03  meter  long  and  0.003  meter  thick  to  fly  off  one  of  the  comers 
without  diminishing  the  shaqmess  of  the  axe. 

These  three  experiments  were  made  with  the  same  blade,  0.075 
meter  loug,  of  gray  flint,  of  which  the  edge,  a  little  concave,  was 
0.005  meter  in  width.  At  one  of  the  cornera  of  this  some  chips  were 
wanting,  having  been  broken  off  belbre  the  experiment  It  was  other- 
wise  in  a  good  condition,  and  very  sharp,  only  having  serratiiona  here 
and  there.  The  shorter  of  the  beveled  faces  is  a  little  curved  and 
this  made  the  blade  slightly  convex.  The  scar&  produced  by  the  out- 
ting  were  perfectly  regular  and  exact,  and  the  snrfiuw,  left  by  the 
removal  of  the  ohips  would  have  been  also  quite  smooth  if  the  serra- 
tions of  the  edge  had  not  left  some  inequalitiea. 

IV.  In  sti'ikiug  some  blows  on  a  pine  pole,  dry  and  not  planed,  0.08 
meter  tliicknesR,  1  have  proved  that  the  same  blade  would  quite  as 
well  cut  harder  wood. 

It  would  have  beeu  naturally  much  easier  to  fell  a  sapling  standing 
than  to  cut  the  blocks  tixed  on  a  stand,  for  the  wood  yielded  in  a  man- 
ner to  compress  the  flbern  in  one  way  and  expand  them  in  the  other; 
the  blows  ]>enetrated  better  in  the  latter  case. 

V.  A  log  of  pine  0.13  meter  in  diameter,  tixed  on  a  table,  was  cat  in 
eight  minutes  with  tlie  ax.  It  is  a  blade  of  giay  flint  0.07  meter  lon  ir, 
of  which  the  convex  and  tineven  edge  is  0.0075  meter  wide.  Before  the 
exjK'rinient  the  edge  was  a  little  damaged  in  the  middle  and  did  not 
work  as  well.  The  chins  were  short  and  the  incisions  uneven.  The 
part  s<'parated  tVoni  tlu-  lo^^  w  hii-li  was  pointed  with  the  ax  used  in  the 
first  three  ex]»orinients,  sliows  the  surfaces  eqnnl  and  nearly  polished. 

VI.  One  the  logs  liad  the  knots  which  1  had  succee(le<l  in  avoi«l- 
ing  in  the  iJreieiUng  experiments.  ^Vith  a  hlude  whosi*  t'ih^t^  was 
extraordinarily  straight  and  regular,  but  a  Inttc  tliick  (the  iM  xrlU  d 
parts  sliow  an  angle  ot  inchnutiou  of  4.'r^),  I  ciii  v/ith  the  giv.iiest 
ease  these  knots,  of  whicli  the  largest  was  OAVd  meter  in  dianu-ter, 
without  any  marks  thereof  ap|>earing  ou  the  edge.  The  thickness 
of  tliis  ax,  on  the  contrary,  makes  it  cut  with  less  facility  into 
wockI  soft  and  without  kiiotn.  To  ascertain  the  limits  of  resistance  in 
this  blade,  I  struck  with  all  my  force,  almost  perpendicularly,  a  large 
knot  remaining  on  a  branch  <'ut  ou  the  stump.  The  branch  was  stand- 
ing horizontally.  The  edge  penetrated  iu  the  knot  0.01  meter,  but  the 
same  time  the  ax  split,  and  the  thick  fragment  broke  ofl"  about  a  tiiud 
of  the  edge  and  all  the  narrow  face  of  the  ax,  which  came  off  from  the 
head. 

VII.  The  experiment  showed  to  me  that  the  little  blades  could  per- 
fectly take  the  place  of  chisels. 

YIII.  With  the  same  instruments  used  as  chisels  I  shaped  two  logs 
to  mortise  and  tenon.  All  the  logs  of  the  experiment  were  still  covered 
with  bark. 
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These  experiments  clearly  showed  me  with  what  astonishiug  easi- 
Dess  and  relative  rapidity  the  pine  could  be  felled  with  these  blades. 
With  th(  i»i  iinitive  implements  one  is  able,  not  only  to  cut  larpo  trees, 
but  to  periorm  the  work  of  less  complicated  carpentry,  williout  the 
cutting  edge  becoming  very  re;ulily  deteriorated.  If  one  considers,  in 
addition,  that  l  lic  t  aipciiters  of  antiquity  were  particularly  skilli  nl  and 
clever  iu  the  use  of  blades,  oue  can  with  reason  now  consider  lliiit  these 
were  used  as  "edged  tools,"  and  the  experiments  here  described  have 
convinced  me  that  the  large  blades  were  employed  as  axes. 
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Aooording  to  the  Shu-king,  we  find  that  forty-five  centuries  ago  the 
Chinese  had  occupied  themselves  with  the  construction  of  astronomical 
instruments  analogous  to  the  quadrant  and  armillary  sphere;  the 
observations  they  made  with  them,  even  at  that  remote  period,  are 
remarkable  for  their  accuracy,  enabling  them  to  form  a  useM  calendar. 
The  present  sexagenary  cycle  was  adopted  b*  c.  2630,  by  Hwangti,  to 
whom  is  attributed  the  invention  of  the  depsydnk  The  Instrument  at 
that  period  was  probably  very  rudcy  used  principally  for  astronomical 
purposes  in  the  same  maunw  as  employed  by  Tycho  Brahefor  measur- 
ing  the  motion  of  stars,  and  subsequently  by  Dudelz  in  making  mari- 
time observations.  It  was  committed  to  the  care  of  an  officer  styled 
the  olepaydra  adjuster* 

Duke  OhaUf  the  alleged  inventor  of  the  compass,  about  B.  C.  1130, 
appears  also  to  have  been  the  first  to  employ  the  clepsydra  as  a  time- 
piece. He  di\nded  the  floating  index  into  one  hnndrcf!  l-thy  or  parts. 
In  winter  forty  hik  were  allotted  for  the  day  and  sixty  for  the  night; 
in  snmmer  this  was  reversed,  the  spring  and  autum  bein^  equally 
divided.  This  instrument  was  provided  m  ith  forty  eipht  indices,  two 
for  each  of  the  twenty-four  t4tieh,  or  terms  (jt  the  ycnr.  They  were  con- 
sequently rlianfjed  semi-monthly,  one  index  being  employed  for  the  day 
and  another  for  the  night.  Two  were  employed  every  day,  probably  to 
remedy  in  a  measure  the  defect  nf  all  clepsydras,  /.  r.,  of  varying  in  the 
speed  of  their  rise  and  fall,  a(  rdrdinfjr  t<»  the  ('ver-varyin^r  quantity  of 
water  iu  the  vessel,  which  might  be  done  by  liaving  the  imiices  ditler- 
ently  (livi(l('d.  To  keep  the  water  from  ireeziug,  the  instrument  was 
connected  with  a  furnace,  and  surrouuded  with  hot  water.  The  forms 
of  the  apparatus  •have  been  various,  but  they  generally  consists  of  an 
upper  and  a  lower  copper  vessel,  the  former  having  an  aperture  in  the 
bottom  through  which  wat(;r  i)ercolated  into  the  latter,  where  floated 
an  index,  the  gradual  rise  of  wluch  mdu  ated  successive  periods  of  time. 

*  Vwrn  Chinete  StnotUoni,  July,  1851. 
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Id  some  this  was  reversed,  tbe  Hoat  being  made  to  mark  time  by  its  £alL 
A  portable  one  was  sometimes  employed  iu  aoeient  times  on  horseback. 

Instruments  constraeted  on  the  same  principles  were  in  use  amongst 
tbe  Chaldeans  and  Egyptians  at  an  early  period;  that  of  Ctesibias  of 
Alexandria  being  an  improvement  over  those  of  more  ancient  times. 
The  Invention  in  Western  Asia  was  doubtless  independent  of  that  in 
Eastern,  both  bein  g  the  result  of  similar  wants.  Clepsydras  were  sub* 
sequently  formed  of  a  succession  of  vessels  communicating  by  tubes 
passing  through  figures  of  dragons  and  other  images,  which  were  ren- 
dered still  more  ornamental  by  tbe  indices  being  held  in  the  hands  of 
genii.  The  earliest  application  of  motion  to  the  clepsydra  appears  to 
have  been  in  the  reign  of  Shunti  a.  d.  126-145,  by  Tsiang-hung,  who 
constructed  a  sort  of  orrery  representing  the  apparent  motion  of  the 
heavenly  bodies  around  the  earth,  which  was  kept  in  motion  by 
dropping  water.  There  is  also  a  retSorenoe  to  an  instrument  of  this 
description  in  the  third  century. 

In  the  sixtli  <;<mtury  an  iustrument  was  in  use  which  indicated  the 
course  of  tiriH  ^^  the  weight  of  water,  as  it  gradually  came  from  the 
beak  of  a  bird,  and  was  received  in  a  vessel  on  a  balance,  every  pound 
representing  a  kih.  About  tbis  time  mercury  began  to  be  employed  in 
clepsydras  instead  of  water,  which  rendered  tlie  aid  of  heat  in  winter 
unnecessary.  Changes  were  made  also  in  the  relative  number  of  kih 
for  day  and  nij^lit,  so  as  to  vary  with  the  seasons  as  in  Europe.  Monks 
of  the  iioniish  Cimrch  devoted  considerable  attention  to  the  construc- 
tion of  instrnm«'Tits  for  mcasiiriiif^  tinif;  in  like  manner  also,  lUidlust 
monks  in  their  silent  retreats,  but  at  an  earlier  }>eri(Kl,  similarly  orcii* 
pied  themselves.  JSeveral  coutriv  anees  to  measure  time  ar«  mentioned 
in  (/"hinese  history  as  the  invention  of  priests.  One  was  a  ]»erforated 
eoppei-  vessel,  pUiced  in  a  tub  of  wafer,  wiiieh  gi'adnally  fille<l  an<l  ?«nTTk 
every  hour:  such  a  rude  inaehiiie  ie<juue«l  of  course  eonstaut  attention. 

AlthouixU  their  knowlcdgo  of  hydro  dynamics  is  limited,  the  Thinesc 
ajjpear  i<»  have  been  the  first  to  invent  the  form  of  cle]»sydi'a  to  which 
the  term  a  ater  clock  is  alone  properly  applied — that  is  to  say,  an  appar- 
atus which  rendered  watching  uu necessary  by  striking  the  hours. 
Until  the  beiiinnin^'  of  the  eighth  centiu  v  the  ]>ersons  employed  to 
watch  the  clepsydra  iu  palaces  and  public  places  struck  bells oi  drums 
at  every  A/A,  but  at  this  period  a  clo<'k  was  constructed,  consisting  of 
four  vessels,  with  machinery  which  caused  a  drum  to  be  struck  by  day 
and  a  bell  by  night,  to  indicate  the  hours  and  watches.  No  descrip- 
tioif^ of  the  works  of  this  interesting  invention  can  be  found.  It  Is  pos- 
sible however  that  the  Saracens  may  have  anticipated  the  Chinese  in 
the  invention  of  water  docks.  In  the  History  of  the  Tang  Dyiuisty  it 
is  stated  that  in  the  Fuhlin  country  (which  in  this  instance  doubtless 
means  Persia,  though  the  geographer  Sii  makes  it  Judea),  there  la  a 
clepsydra  on  a  terrace  near  the  palace  formed  of  a  balance  which  coa> 
tained  twelve  metalltc  balls,  one  of  which  fell  every  hour  on  a  bell,  and 
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tliVM  strack  the  houi-ts  correctly.  It  is  not  improbable  that  this  instru- 
ment is  identical  with  the  celebrated  one  which  the  King  of  Persia  sent 
in  the  year  807  to  Charlemagne. 

In  980  an  astronomer  named  Tsian^  made  an  improvement  on  all 
former  instruments,  and  considering  the  period  it  was  a  remarltabie 
specimen  of  art.  The  machiuc  was  arranged  in  a  sort  of  niinatiirr  ter- 
race, ten  feet  bigli.  :iiid  was  divided  into  three  stwries.  tlie  works  being 
in  the  middle.  Twelve  images  of  men,  one  for  every  hoiir.^  ap])e:ired  in 
turn  l>ef<)i  au  opening  in  the  t^^rrace.  Another  set  of  automata  struck 
the  twelve  iiours  and  th4*  eighths  of  sufli  hours.  Tliesi'.  figures  occxi' 
pied  the  lower  story.  The  upper  stoiy  was  devoted  to  astronomy, 
where  there  was  an  orrery  in  niotii>n,  whicli  it  is  obvious  must  have 
rendered  ver>  c-omplex  machinery  iiecessnry.  We  are  only  to1(!  that 
it  had  o])li(iiU'.  ])erpemli<*ular,  aud  Iioriznntal  wheels,  and  that  it  was 
kept  in  iiMMiou  by  falling  water.  As  the  Ar.abs  had  rea<  lied  c  'hina  by 
sea  at  the  eluse  of  the  eighth  <  <Mitury,  and  bv  land  at  an  earlier  period^ 
some  assistaiKC  iiia>  liave  been  derived  linin  tin m  in  the  construction 
of  this  instruineut.  but  I  aui  (bsposei!  lo  ronvidi  i-  if  wholly  Chiuoso. 
Beckmaiin,  after  uuicli  h-arned  researeh,  ascribes  the  invention  of  clockf. 
to  the,  Saracens,  and  the  first  appearance  of  their  iu8truiuents  in 
Europe  to  the  eh'venth  ct'utary. 

Mention  may  here  be  made  of  other  time  keeping  instruments  of  tl»e 
sauit;  destripliou.  also  constructed  ai»mt  this  period.  One,  ^^lli(•h 
like  the  last  united  an  orrery  and  ulepsyih'a,  was  formed  in  one  i)art 
like  a  water  lily,  whilst  in  another  were  nnagcvs  of  a  dragon,  a  tiger,  a 
bird,  and  a  tortoise,  which  struck  the  A//<  on  a  druni,  and  a  dozen 
puppets  which  strnck  hours  ou  a  bell,  with  vuriuus  uther^  motions, 
besides  a  representation  of  the  revolutions  of  the  heavenly  bodies.  The 
machinery  of  another  of  these  was  moved  by  au  undershot  water- 
wheel,  its  axis  was  even  with  the  surface  of  the  ground,  and  conse- 
quently the  frame  <M)ntaining  it  was  jmrtly  below  the  surface.  The 
motions  of  the  sun  and  moon,  stars  and  planets,  were  made  to  revolve 
from  east  to  west  an>und  a  figure  of  the  earth,  represented  as  a  plain. 
Images  of  men  struck  the  hour  and  it-s  parts.  In  this,  as  in  all  the 
above-named  instruments,  the  number  of  strokes  was  doubtless  always 
the  same,  as  Chinese  do  not  count  but  name  the  hours. 

Another  machine  was  contrived  which  also  represented  the  motion 
of  the  heavenly  bodies.  It  was  a  huge  hollow  globe,  perforated  on  its 
surface  so  as  tf>  afford,  when  lighted  up,  a  good  representation  of  the 
sky  in  the  dark.  This  also  was  set  in  motion  by  falling  water.  Sub- 
sequent to  this  various  machines  are  mentioned,  but  the  brief  notices 
given  afford  nothing  of  interest  until  we  a]>proach  the  close  of  the 
Yuen  dynasty.  Shun-tsing  (A,  1>.  l330-'6()),  the  last  eraperor  of  the 
Mongol  race,  described  in  history  as  an  elteminate  prince  witii  the 
l)hysiognoiny  of  a  nu)nkey,  was  evidently  a  man  of  great  mecliani<*al 
'  skill,  and  to  the  last  {imnscd  himself  by  making  models  of  vessels, 
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automata,  and  tinH»pi»'cos.  liis  t  hief  work  was  a  mauhiuc  contained 
in  a  box  7  feet  lii;;h  and  .'U  wide,  with  three  small  temples  on  top. 
The  middle  of  ihesr  teuiplrs  liad  fairies  holding  horary  characters,  one 
of  which  made  her  apiM^anuite  ev  cry  hour.  Time  was  strnck  by  a  couple 
of  gods,  and  it  is  said  they  kept  it  very  accurately.  In  the  side  temples 
were  reineseutations  of  tlie  sun  au<l  moiui  respectively,  and  from  thci^e 
places  genii  issuetl,  crossing  a  brid;;*'  to  the  middle  temple,  and  after 
ascertaining,  as  it  were,  the  time  of  day  f'roju  the  fairies,  returning 
again  io  their  quarters.  It  is  thought  the  motions  were  in  this  Ciise 
ell'ei  ted  by  springs.  An  instrun)ent  8<nnewhat  similar  is  described  a»s 
being  in  the  capital  at  Corea;  it  was  a  clepsydra,  with  springs  repre- 
senting the  motions  of  the  celestial  orbs,  and  having  automata  to  strike 
the  hour.  Since  the  introdnction  of  European  docks,  clepsydras  have 
fiiUen  into  disuse.  The  ouly  one  perhaps  in  tbe  empire  is  that  in  a 
watcbtower  in  the  eity  of  Canton.*   It  is  of  the  simplest  form,  having 

*Thi«  clepsydrii  is  foniid  on  top  of  :i  ;jati'w:iy  <  ;illt'(t  Slnvriri'X  Tntn!  ti,  stnudiiip  iu 
tli«  street  called  Hiuug  chin  lany;,  ntuili  Irom  tlio  great  South  Gate  to  the 

Puching  8/.'  office.  This  street,  or  uveuue,  is  more  tkau  50  feet  wide,  audthis  double 
gatcwny  crooaes  the  street  in  its  widest  part  like  Temple  Bar  in  London,  eaeb  pas- 
sage heing  »1)ont  20  feet  across.  The  stntcture  is  very  strongly  bnilt,  and  is  ascended 
by  Htone steps  on  the  outside;  on  the  top  i«  a  two-storieil  red  loft,  <  nllcd  Kiing-peh 
Inn,  the  npper  story  of  whirli  seizes  an  ii  rcj)ot*itory  for  tli«'  lilocks  nsorl  in  the 
]>rintjing  office  in  ihe  lower  story  From  thin  jtriuting  othce  are  issued  statistical 
and  other  official  works^  under  the  direction  of  the  Pacbiug  sx'.  Iu  the  middle  wsii 
is  a  vanlt,  and  the  ground  sonnds  hollow  underneath.  The  statistics  of  Kwaaif  chan 
fu  (Cunton)  gives  the  following  notircK  of  the  edifice:  "The  Knng-peh  lau  lies 
south  of  the  Piirhin;^  sz'  oftif.-.  rmd  w.'is  cilli  il  tJii*  Tsin;,rh;i i  lau  in  tlic  Tan;:  <1  yiiasty  ; 
it  stood  between  iwo  hills,  Avhicli  Sin  Ilieii  levelletl,  aind  tlieic  erected  a  double 
stoue  gateway.  The  tieueral  Sz'nia  Kih  in  a.  i».  1100,  re-built  it,  and  called  it  the 
Donble  Qnteway ;  it  was  dentroyed  about  1330,  and  re-bnilt  as  before  by  Hnngwn  in 
1380,  and  again  repaired  in  1$54  by  8buuchi,  and  by  Kangbi  in  168T.  On  the  top  i« 
a  clepsydra^  which  the  officer  Chin  Yungbo  mailo  in  131.%  during  the  reign  of 
Jintsnng.'* 

The  cleimydra  is  called  the  iimg-trn-iiii-UtHf  i.  e.,  copper  jar  dropper.  an<l  is  placed 
in  a  separate  room,  nnder  the  supervision  of  a  man  who,  besides  his  stipend  and 
peninisites,  obtains  a  livelihood  by  selling  tlme-eticks.    There  are  ibnr  ooTcfl<ed 

copper  jars  standing  on  a  brickwork  stairway,  the  t-op  of  each  of  which  is  level 
with  the  bottom  of  the  one  above  it  ;  the  larf^est  measures  'J'.i  iuche«  high  and  bro.it1. 
an<l  conlains  7»»  cattieM.  or  1»7A  i>ijii.s  of  water;  the  second  is  22  inches  high  and  21 
inches  broad;  the  third  is  21  inches  high,  and  20  inches  broad;  and  the  lowest 
23  inches  high  and  19  inchea  broail.  Kach  is  oonnectod  with  the  other  by  an  open 
trough,  along  which  the  water  trickles.  The  woo<k'n  index  in  the  lowest  jar  is  set 
every  morning  and  afternoon  at o'clock,  by  placing  the  mark  on  it  for  these  hours 
evcji  with  the  eover.  through  which  it  rises  and  indicates  the  tin»e.  The  water  is 
dipped  out  and  poured  bai^k  into  the  top  jar  when  the  index  shows  the  •Munpletitm 
of  the  lialf  da  J ;  and  the  water  is  renewed  every  quarter.  Two  large  dnuns  atMid 
iu  the  room,  on  which  the  watchmen  strilte  the  wat<-hes  during  the  night.  Probably 
» ruder  ci»nlrivancc  to  divide  time  can  hardly  be  found  the  world  over,  and  if  it 
WOM  nut  tor  the  clock'<  rmd  w;(tehe<  ev«'rywhcre  in  use,  whi'  li  easily  rectify  its 
inaccuracies,  the  (  antoucsc  would  soon  be  greatly  behindhand  iu  their  reckoning, 
so  far  UN  they  had  to  depend  on  this  clcp.sydra  and  the  timc-Mtieks  which  are  burnt 
t<i  regulate  it. — Kdiior  Chitu-sr  HepotiUtrg  (July,  1851).  • 
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uo  juovtiiueuts  ot*  any  kind.  Imt  it  is  said  keep  ai;eurale  time.  The 
Chinese  automata  hu  much  admire<l,  are  in  their  iuteriial  i>tructure  imi> 
tatious  (tf  foreij^fii  articles. 

Ill  diiillinsf  the  ('hinese  have  nev<  r  ;n  (omiilisiiL'd  anything;,  being  de- 
ticient  iu  the  requisite  knowledge  of  iistronomy  and  mathematies.  It 
is  true  the  projection  of  the  shadow  ot  tlie  guomon  was  carefully  ob- 
served at  .III  early  historic  i>eriod  for  astron<»mical  purj)oses.  Proper 
sua  dials  were  unquestionably  derived  from  the  Westj  but  they  were 
not  introduced,  as  Sii*  John  "DavU  supposes,  by  the  Jectaits.  The  Chi- 
nese are  i>robably  indebted  to  the  Mohammedans  for  this  instmment, 
although  we  find  an  astronomer  endeavoring  to  rectify  the  clepsydra 
by  means  of  the  snn's  shadow-,  projected  by  a  gnomon,  aboot  a  century 
earlier  than  the  Hqjira.  There  is  one  in  the  Imperial  ObBenratory  at 
Peking  more  than  4  feet  iu  diameter.  Smaller  ones  are  Kometimes  met 
with  in  public  offices,  all  made  under  the  direction  of  Bomish  mission- 
aries or  their  pupils. 

From  remote  antiquity  a  family  named  Wang,  residing  in  Hiu-ning- 
hien  (latitude  29o  53'  K.,  longitude  17*  K.)  in  the  province  of 
Nganhwui,  has  had  the  exclusive  manufacture  of  pocket  compasses, 
with  which  sun-dials  are  often  connected.  In  most  of  these  a  thread 
attached  to  the  lid  of  the  instrument  serves  as  a  gnomon  without  any 
adaptation  for  different  latitudes,  although  they  are  iu  use  in  every 
part  of  the  empire.  Another  form,  rather  less  rude,  used  by  dock- 
makers  for  adjusting  their  timepieces,  is  marked  with  notches,  one  for 
each  month  of  the  year,  to  give  the  gnomon  a  different  angle  every 
month.  The  one  used  by  the  Japancf^e  exceeds  that  made  in  China  in 
every  res])eet. 

Time  is  often  kept  with  tolerable  a4  «  ura<  y  iu  shops  and  temples  by 
burning  incense  sticks  made  of  sawdust,  carefully,  but  slightiy,  mixed 
with  glue,  and  evenly  rolled  into  cyliu<lers  two  feet  long,  and  divided 
off  into  hours.  When  lighted,  they  gradually  consume  away  without 
flame,  burning  np  in  half  a  duy.  ll<mr-glasses  are  scarcely  known  iu 
China,  ami  only  mentioned  in  dictionaries  as  insti  uments  emjdoyed  in 
western  countries  to  measure  time.  A  native  writer  on  antiquities 
says  the  western  priest,  hi  >f;i-tan  (M,  liicci),  made  a  <'lo<-k  which  re- 
volved and  struck  time  a  whole  yenr  without  error.  The  chn-k  brought 
out  by  Kicci,  if  not  tiie  lii  stseen  in  (  hiiui,  is  th<' em  liest  of  which  men 
tion  is  made  in  Chinese  liistory.  This  subsefpieiitly  Iteeame  aii  arti(  le 
of  import,  and  this  hianeh  of  trade  has  for  a  it)Ug  time  Immmi.  and  is 
still,  of  consi<h'i  able  \  ahie.  ClfX'ks  and  watches  of  very  aTtti<pie  iip- 
pearaiie<'  aie  tdteu  met  wilii,  spe<  inieiis  of  tiie  oii;4iiial  models  scarcely 
to  be  found  in  any  other  country.  Some  of  tlie  latter,  by  their  clumsy 
tiirur<\  remind  «me  of  their  ancient  name,  Nurendmrg  eugs."'  but  their 
workmanslii|t  must  have  been  su])erior  to  that  of  most  modern  <»nes.  or 
they  would  not  l)e  found  in  operatitm  at  this  late  day. 
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The  Chinese  mnst  liave  conunenced  clock-maktu^;-  at  an  early  poriofl. 
for  no  one  now  eiij;a,u,e<i  in  the  trath'  ean  tell  uir  wheji  or  wiuTe  it  origi- 
nated, nor  ean  it  lie  easily  ascertaine<l  whether  their  imitative  powers 
aloDe  eiuihled  tlieni  to  eii^a^^e  in  sneh  a  ernft.  or  \s  hether  they  are  in- 
debted to  the  Jesuits  tor  what  skill  tiny  i)oss('ss.    Jt  is  t-ertain  that 
the  disciples  of  Loyohi  had  for  a  lon<^  tinn*,  an<l  until  (juite  recently  in 
their  corps  at  Peking,  some  who  were  machinists  and  watch-makers 
One  of  these  horologisis  eomphiins  in  Im  Letfres  JEdifinnfes  that  liis. 
time  was  so  much  ocenpied  with  ineudinj^-  the  watches  of  the  grandees 
that  he  liad  never  been  able  to  stinly  the  language.    Doubtless  the 
fashion  which  Chinese  gentlemen  have  of  carrying  a  couple  of  watches, 
whieii  they  are  anxious  should  always  harmonize,  gave  the  man  con- 
stant emplojTiient.    A  retired  statesman  of  this  province  has  ]>ublished 
a  very  good  account  of  clocks  and  watches,  aceomi)anit'd  with  draw- 
ings representing  their  internal  structure  in  a  manner  suliieieutly  m 
telligible.   The  Chinese  divide  the  whole  day  into  twelve  parts,  which 
are  not  uumberwl,  but  each  one  is  designated  by  a  character,  termed 
horary.    These  characters  were  originally  employed  in  forming  the 
nomenelatare  of  tiie  sexagenary  cycle,  whieh  is  still  in  common  use. 
It  was  not  until  a  much  later  period  that  the  duodecimal  division  of 
the  civil  day  came  into  use,  when  terms  to  express  them  were  bor- 
rowed tKlUL  the  ancient  calendar.  The  same  characters  are  also  ap- 
plied to  the  months.  The  first  iu  the  list.  Us?  son,  is  employed  at  the 
commencement  of  eveiy  cycle,  and  to  the  first  of  every  period  of  twelve 
years,  and  also  to  the  commencement  of  the  civil  day,  at  11  v,  m.,  com- 
prising the  period  between  this  and  1  a.  h.  The  month  which  is  des- 
ignated by  this  term  is  not  the  first  of  the  Chinese  year,  and  singa- 
larly  enongh  coincides  with  Janaaiy.  Each  of  the  twelve  hours  is 
divided  into      answering  to  a  quarter  of  an  hour.  Tins  diurnal  divi- 
sion of  time  does  not  appear  to  have  been  in  use  in  the  time  of  GonAi- 
cius,  as  mention  is  made  in  the  spring  and  autumn  annals  of  the  ten 
hours  of  the  day,  which  accords  with  the  decimal  divisions  so  long 
employed  in  clepsydras,  the  indices  of  which  were  uniformly  divided 
into  one  hundred  parts.  A  commentator  iu  the  third  century  of  oar 
era,  explaining  the  passage  relating  to  the  ten  hours,  adds  a  couple  of 
hours,  but  even  at  that  time  the  present  horary  characters  were  not 
employe^* 
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By  Dr.  Washington  Matthews,  U.  S.  Army. 


The  art  of  weaving  among  the  JEfuviyo  Indians  of  Kew  Mexico  and 
Arizona  is  of  aboriginal  origin.  They  probably  learned  the  art  from 
the  anelent  Pneblo  Indians.  No  native  tribe  has  earned  it  to  such  per- 
fection nor  in  any  has  European  intluenee  had  less  effect. 

Material  for  fahrirs. — Cotton  which  grows  well  in  New  Mexico  and 
Arizona,  the  tough  fibers  of  yucca  leaves  and  the  fibers  of  other  plants, 
the  hair  of  different  quadrupeds,  and  the  down  of  birds  furnished  in 
prehistoric  days  the  niaterialB  of  textile  fabrics  in  this  country.  While 
some  of  the  Pueblos  still  weave  their  native  cotton  t4)  a  sli^rht  extent, 
the  l?avaios  grow  no  cotton  and  spin  nothinjr  but  the  wool  of  the 
domestic  sheep,  of  Spanish  introduction,  and  of  which  the  Navajos 
liave  vast  herds.  The  wool  is  not  washed  until  it  is  sheared.  It  is 
roiiibed  with  hand  combs  ]>nrchased  from  the  Americans.  In  spin- 
niii<!:,  the  simplest  form  of  the  spindle,  a  slender  stick  tbnist  through 
the  center  of  ;i  roiiiid  wooden  dif^k,  is  used.  The  Mexicans  on  tho  liio 
Grantle  use  spinning  wheels,  and  although  the  ^'nvnjcjs  linve  some  of 
their  own,  and  have  abundant  opportunities  for  Iniying  or  stealing 
them,  and  possess,  I  think,  sullicient  ingcTinity  to  make  tlieni,  they 
have  never  abandoned  the  rude  implement  of  tlieir  ancestors.  The 
Navajo  method  of  handling  the  spiudle  is  difi'erent  irom  that  of  the 
people  of  Zuni. 

The  Navajos  still  ein]>loy.  a  great  extent,  their  native  dyes;  of 
yellow,  reddish,  and  black.  There  is  good  evi€len<'e  that  they  formei  ly 
had  a  blue  dye;  but  indigo,  originally  introduced,  I  think,  by  the 
Mexicans,  has  superseded  this. 

Specimen  No.  1,  Catalogue  No.  153348,  is  wool  dyed  blue  with  indigo, 
the  mordant  being  urine.  If  they  in  former  days  had  a  native  blue 
and  a  native  yellow,  they  must  also,  of  course,  have  had  a  green,  and 
they  now  make  green  of  their  native  yellow  and  indigo,  the  latter  be- 
ing the  only  imported  dye-stnlf  I  have  ever  seen  in  use  among  them. 
Besides  the  hues  above  indicated,  the  people  have  bad,  ever  since  the 
introduction  of  sheep,  wool  of  three  natural  colors — ^white,  rusty  black, 

*  <'Navi^|o  Weaven:"  Third  Annual  Report,  Bureau  oj  JiihnoloffS,  1881 -'8J,  ]i.  37r>. 
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niul  y:ra>— so  tlie.v  alu  jjvs  a  fnii  i';nij;r  of  tints  willi  wIik  li  to 

cxer  ntr  tlieir  ;iitistic  (It-signs.    Tlic  brilliant  ml  ti;4iires  iu  tluir  tim  r 
blankets  were,  a  few  ycjirs  ago,  iiuwle  pntirol.v  ot  bayi  tay  aud  this  iii;ii<' 
li;  I  IS  >i  11  largely  iisi  <1.    Bayeta  is  a  bi  iglit,  scarlet  eloth,  with  a  long 
nap,  laui  It  finer  in  ap]»eaiaiiee  than  the  st  arlet  strouding  which  luims 
such  an  iniportaut  article  in  the  Indian  trade  of  the  North.    It  was 
oi  iginally  brought  to  the  Navajo  <:ountry  from  Mexico,  but  is  now  sup 
plied  t4)  the  trade  from  our  eastern  cities.   The  Indians  ravel  it  aud 
use  the  weft.   While  nniny  handflome  blankets  are  still  made  oiUyof 
the  colorn  and  material  above  described,  American  yarn  hai)  lately  be- 
come yery  xiopular  amoufy  tlie  Navajos,  and  mauy  flue  blaokels  ate 
now  made  wholly,  or  hi  part,  of  (^ermantowB  wool. 

Yellow. — There  are,  the  Indians  tell  lue,  three  different  processes  for 
dyeing  yellow;  two  of  ttief^e  I  witnessed.  The  first  process  is  thus 
condneted.  (Specimen  No.  2,  Catalogue  Ko.  153340,  is  wool  dyed  by 
this  process.) 

The  flowering  tops  of  Bigelovia  graveoleiM  are  boiled  for  aboat  six 
hours,  until  a  deenction  of  deep-yellow  color  is  produced.  When  the 
dyer  thinks  the  decoction  is  strong  enough,  she  heats  over  the  fire  in 
a  pan  or  earthen  vessel  simte  native  almogen  (an  impure  native  alum), 
until  it  is  reduced  to  a  somewhat  pautty  consistency;  this  she  adds 
gradually  to  the  decot*tion,  aud  then  puts  the  wool  in  the  dye  to  boiL 
From  time  to  time  a  portion  of  tlie  wool  is  taken  out  and  inspected 
until  (in  about  half  an  hour  fh)m  the  time  it  is  first  immersed)  It  is 
seen  to  have  assumed  the  proper  color.  The  work  in  then  done.  The 
tint  produced  is  nearly  that  of  lemon  color.   (No.  2.) 

In  the  second  process  they  use  the  large  fleshy  root  of  a  plant  which, 
as  I  have  never  yet  seen  it  in  fniit  or  flower,  1  am  unable  to  determine. 
The  fresh  root  is  crushed  to  a  soft  paste  on  th(»  mrtaf(\  and,  for  a  mor* 
dant,  the  almogen  is  added  while  the  gi  inding  is  going  on.  The  cold 
paste  is  then  rti1)l)c(l  between  the  hands  into  the  mooI.  If  the  wool 
does  not  seenj  to  take  the  color  readily  a  little  watt'r  is  dashed  on  the 
mixture  of  wool  and  i)asie,  aud  the  wh(>le  i8  very  slightly  warmed.  The 
entire  pro<'ess  does  not  occupy  over  an  hour,  and  the  result  is  a  color 
much  like  that  now  known  as  *^*ohl  gold." 

The  dull  H'ddish  dye,  sj)cciuien  No.  3,  Catalogue  No.  153350,  is  made 
of  the  bark  of  tltc  Airier,  Ahiff.^  iiwnva  var.  r/r/,sY77f.v (WatvSon)  and  the 
bark  of  the  Ct  rnxnrims  jxirrl/olimf^SL  kin(i  of  mountain  mahogany.  On 
buckskin  this  makes  a  brilli  nit  tan  colfir,  but  :!p])lied  to  wool  it  pro- 
duces a  uiucli  iialcr  shade,  as  sliown  in  the  specimen  fNo. 

The  nran^ic  dye,  S]>eeimeii  N(k  1,  ratalogue  No.  liKWdl,  is  made  from 
tlie  ro(»ts  ol"  41  stn  icl  h'unn'.f  iti/nK  tnmpalum. 

Specimen  No.  5,  Catal(>gue  No.  ir>3:55:i,  is  wool,  half  natural  white 
and  halt  dyed  bhu'k.  eardi'il  together. 

lilack  diiv. — The  1»1;m  k  dye,  specimen  No.  6,  fatalogue  N<».  ]."».»35."{.  is 
made  t>l  the  twigs  and  leaves  oi  the  aromatic  simnic  {Uhua  untmatica). 
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anativeyeUowoclier, iSiiet-inuMi  y<».  T^OatiUo^ur  No.  l."»3.'»tVl,aml  thegiim 
of  the  pinon  (Pinm  Spt  cuui'ii  Xo.  s,  ( 'atulof^ue  No.  153305.  The 

ptooess  of  preparing;  it  ih  as  follows:  They  put  into  a  pot  of  water  some 
of  the  leaves  of  the  sumac^  aod  as  many  of  tho  branchlets  as  can  be 
crowded  in  without  much  breaking  or  croHhing,  and  the  water  is 
allowed  to  boil  for  five  or  six  hours  until  a  strong  dococtioii  is  made. 
While  the  water  is  boiling  they  attend  to  other  parts  of  the  process. 
The  ocher  is  reduced  to  a  fine  powder  between  two  stones  and  then 
slowly  roasted  over  the  fire  in  an  earthen  or  metal  vessel  until  it  as- 
sumes a  light-brown  color;  it  is  then  taken  from  the  fire  and  combined 
with  about  an  equal  quantity  in  size  of  pinon  gum;  again  the  mixture 
is  put  on  the  fire  and  constantly  stirred.  At  first  the  gum  melts  and 
the  whole  mass  assumes  a  mnshy  consistency ;  but  as  the  roatiting  prog- 
resses it  gradually  becomes  dryer  and  darker  until  it  is  at  last  reduced 
to  a  fine  black  powder.  This  is  removed  from  the  fire,  and  when  it  has 
oooled  somewhat  it  is  thrown  into  the  decoction  of  sumac,  with  which 
it  instantly  forms  a  rich,  blue-black  fluid.  This  dye  is  essentially  an 
ink,  tiie  tannic  acid  of  the  sumac  combining  with  the  sesquioxide  of 
iron  in  the  roasted  ocher,  the  whole  enriched  by  the  carbon  of  the  cal- 
cined gum. 

The  effect  and  color  of  the  dyes  are  shown  in  the  accompanying 

specimens  on  wool  of  the  Navajo  sheep. 

No.  1.  Cat.  Nf>.  153.'{48.  Bhu? — dyed  with  indigo. 

No.  2.  Oat.  No.  153349.  Yellow — a  decoction  of  the  fiowering  tips  of 
Bigelov'm  graveolenSy  mixed  vnth  alinofreu  (a  native  impure  alum). 

No.  3.  Cat.  No.  153350.  Dull  red — dyed  with  bark  of  Alder,  Almus 
incarMj  var  Vircttcmo  (Watson),  aiul  bark  of  CcrcocarpuH  parvifolim^  a 
kind  of  mountain  mahogany;  the  mordant,  fine  ashes  of  tlie  juniper. 

No.  4.  Cat.  No.  153361,  Orange->dyed  with  roots  of  a  sorrel — 
Uu  m cr  hymeuoscpol m wi. 

No,  .").  Cat.  No.  153352.  Wool — hiUf  natural  white  aud  half  dyed 
black,  carded  together. 

No.  6.  Cat.  No.  1533.53.  IMack  dye — ma<le  ot  a  (h  (  (x  tioii  of  the  twiirs 
ami  1(  ives  of  aromatic  sumac,  MhuH  uromatlvay  yellow  ocher  aud  guui 
of  pinon,  Pinm  cdulin. 

No.  7.  Cat.  No.  153354.    Native  ocher — for  making  thr  hhn  k  dye. 

No.  8.  Cat.  No.  Li^i  iofj.  Powdn-  of  yellow  ocher  aud  pinou  gum, 
calcined  together — for  making  black  iiye. 


Digitized  by  Google 


SOM£  OP  THE  POSSIBILITIES  OF  ECONOMIC  BOTANY 


By  Gbobge  Lincoln  (Ioodale. 


The  Hubject  wliicli  T  haye  selected  ibr  the  valedictoiy  address  deals 

with  certain  induatrial,  eoinmercial,  and  economic  questions :  neverthe- 
less its  lies  wholly  within  the  domain  of  botany.  I  invite  you  to  ez« 
amino  witii  mo  some  of  tlie  possibilities  of  economic  botany. 

Of  conrse,  when  treating"  a  tropic  which  i»  so  largely  speculative  as 
this,  it  is  difticnlt  and  unwise  to  draw  a  liard  and  fju*t  line  between 
jKissibilities  and  prnbabilities.  Nowadays  possibilities  are  so  often 
reiilizod  rapidly  that  they  become  accomplished  facts  before  we  are 
aware. 

In  aski])^''  wliat  are  tlio  ]M)ssi])iliti('S  that  otlier  ])laiits  than  those  we 
now  use  may  beutilizi'd  we  enter  upon  a  iiiaiiy-sidt'd  iimniry.t  Specu- 
lation is  rife  as  to  the  coming  man.  May  we  not  ask  what  plants  the 
coming  man  will  use? 

There  is  an  enormous  disproporti^)))  between  tlie  total  number  of 
species  of  plants  known  to  )>otauical  scieuce  and  the  number  of  those 
which  are  employed  by  man. 

Thespeciesof  flowei  in;^  plants  already  described  and  named  are  abont 
107,(MML  Acqnisitious  tiom  uiiexpl<»i e*l  or  imperfectly  ex}>l«>red  regions 
may  increase  the  aggregate  ^lerhaiis  one-tenth,  so  that  we  are  within 

"  I^resideatial  addrees  delivered  before  the  Amin-ieau  As8oeiatioa  for  the  Advanee- 

uioTit  of  <(  ience,  at  Wusliington,  AugUBt,  1891.  from  the  Procecdingv  Am.  J««or.  Jdv. 
/S'  >  ]  s\n.  \  n\.  XI.,  pp.  1-38;  ttlao,  the  Ammrican  JonrtuU  of  Seieuoe,  October,  1^1,  vol. 
xiJi,  pp.  273-3(Ki. 

tThe  following  are  among  the  more  luofal  works  of  a  gcaeral  eharaeter,  dealing 
with  the  snbjeet.  Others  are  roforred  to  either  in  the  tex^  or  notes.  The  reader 
may  <  onsnlt  ulso  tlio  liHt  of  works  on  Eoonomic  Botany  in  the  eatalogne  pnblished 

by  till'  Liiiniran  Snrioty : 

Sclt'ct  J-^xtra -tropical  i'laiitu,  readily  eli|fil>lo  for  iiKlnetrial  cnltur«"  or  naturaliza- 
tion, with  indications  of  their  native  countries  uud  suuiu  of  their  uses.  Uy  Barou 
Fred,  von  Mneller«  K.  C.  M.  G.,  F.  R.  8.,  etc.,  Government  Botanist  for  yict<»ia. 

(MellnMirnc  .  ISKS.    s.  vonth  «'<lition,  r«  \  Ist  il  and  enlarged.    At  the  cloHe  of  his 

treatise  (III  iiuliist  1  ial  i>Iani^.  "Rarnn  von  .Mueller  1ia«  grouptMi  tbo  genera  indicating 
the  «litleierit  rla^ses  <>1  tiMetiii  prudnctH  in  Hiieh  a  luaiuier  that  wo  ran  nsrertain  the 
reapeuiiv  o  numl>er8  belonging  to  the  genera,    i  M  course  many  ol  these  gtiu>ru  liguro 
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very  safe  liniils  iu  takiuj;;  tho  miiuUrr  of  existing  spcoi*'^  tx>  be  sum**- 
what  s\hi)\  e  110,(K>0.* 

Now  if  weKln>iil>l  itiako  acom])relieusive  list  of  all  the  tlowering  planti^ 
\%Iiich  are.  cultivated  oiiAvlmtwe  may  call  a  fairly  lar«je  scale  at  the 
present  day,  ])laeiiig  tlu  rein  all  loodt  and  forage  plants,  all  those  which 
are  <;rt)wii  for  timber  ainl  t  aUi net  woods,  for  lil)ers  and  eordape.  for 
taimiug  materials,  dyes,  resins,  rubber,  gnms,  oils,  perfumes,  and  uiedi 
cincs,  we  eould  bring  together  barely  300  species.  If  we  should  add 
to  this  short  catalogue  all  the  species  which  without  caltivatioit 
can  be  used  by  maiif  we  shoold  find  it  considerably  lengthened.  A 
great  many  prodnets  of  the  classes  jnst  referred  to  are  derived  in 
commerce  firom  wild  plants,  but  exactly  how  much  their  addition  would 
extend  the  list  it  is  impossible,  in  the  present  state  of  knowledge,  to 
determine.  Every  enumeration  of  this  character  is  likely  to  contain 
errors  ttom  two  sourcea:  First,  it  would  be  sure  to  eontain  some 
species  which  have  outlived  their  real  usefhlness;  and,  secondly,  owiug 
to  the  chaotic  condition  of  the  literature  of  the  subject,  omissions  would 
occur. 

But>  after  all  proper  exclusions  and  additions  have  been  made,  the 
total  number  of  species  of  flowering  plants  utilized  to  any  considerable 
extent  by  man  in  his  civilized  state  does  not  exceed,  in  fact  it  does  not 
quite  reach,  1  per  cent. 

in  more  than  oim  category.    Ilu  has  ulso  arranged  the  plants  accordiug  to  the  coun- 
tries naturally  producing  them. 

UttfaJL  NaHw  PlanU  of  AutUiAia  (indnding  Tumaaift).  BjJ,  H.  Maiden,  F.L.&, 
Curator  of  the  Techuoiogtcal  Muaeom  of  New  Booth  Wales,  Sydney.  Sydney,  1889l 

See  also  uoto  19. 

Handhnok  of  CovMiuTiiwl  Geography.   By  George  G.  Chisholm,  M.  A.,  B.  8e.  Loo- 
don,  imi. 

Iftw  CommtrM  PtmUf  with  direetiona  how  to  gvow  them  to  tiie  beat  advautagv. 
By  Thomae  Christy.  London,  Christy  A  Co. 

Dictionary  of  ])opular  names  of  the  plants  which  furnish  the  natural  and  aeqniied 
wants  of  man.    By  John  Smith,  A.  L.  S.    London,  1882. 

Cultivated  Plant*.  Their  propagation  and  improvumont.  By  h\  W.  Biirbage. 
Loudon,  1877. 

Tht  Wandtringo  of  PUutto  and  animals  from  their  first  home.  By  Victcw  Heha, 
edited  by  James  Steven  Stallybraas.    London.  I8^^5. 

J!cKarche»  ixt,,  thr  Early  History  of  Mankind  and  the  development  of  civilisation. 
By  Edward  H.  1  vl..i,  D.C.L.,  L.L.D  ,  F.R.S.  1878. 

'The  number  oi'  Hpet-ies  of  J'Invnoyamia  has  been  given  by  luuay  writ^is  aw  not 
far  ttom  150,000.  But  the  total  number  of  species  reooguised  by  Bentham  and 
Hooker  in  the  Gonern  Plantarum  (Dnxand's  Index)  ia  100,220,  in  210  Natnxal  Ordsis 
and8|417  genera. 

fl>i.  K.  Lewis  .Sturtcvaiit.  to  u  linso  kinrliicss  I  am  indpbtefl  for  great  assistance  in 
the  matter  of  refvreuces,  luis  placed  at  my  disposal  many  of  his  notes  on  edible  plants, 
etc.  From  his  ennuieration  it  appears  that  if  we  eonnt  all  the  plants  which,  have 
been  cnltivated  for  food  at  one  time  or  another,  the  list  containa  1,192  spedeo,  bnt  If 

we  count  all  the  plants  which  "either  hnbitunlly  <»r  during  famine  periods  are  rs- 

cohIciI  til  h:\rc  liccii  i-  ilcn."  Wf  obtain  a  list  of  no  Icsnthati  t  nnfl  ^p|•^if»H,  or  about  34 
|u  i  cent  ot  all  kuown  sptn  icr^  of  ]thintK.  Mat.  as  Sir  JuNcph  Uoolcer  has  tMid,  the 
products  of  many  plants  though  eatabb-,  art*  not  lit  to  eat. 
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Tilt'  ili:sj»nti>c»i  tioii  lK  t\v<M'ii  I  lie  ]»lanls  wliicli  nvv  known  and  tbose 
wliich  us«m1  bocoinei>  imu  h  ^i  cator  m  Iumi  vvi-  take  into  account  the 
si)ecies  at'  Uovverless  plants  also.  Of  tlu?  r>0(>  lonis  and  their  allies  we 
employ,  for  other  than  decorative  puriwses,  only  5;  the  jnosses  and 
liverworts,  roughly''  estimated  at  500  species,  have  only  4  which  are 
directly  used  by  man.  There  are  comparatively  few  algie,  fungi,  or 
lichens  which  hiive  extended  use. 

Therefore,  when  we  take  the  flowering'  -.md  llowerless  totrether,  the 
X)ercentage  of  utilized  plants  falls  far  below  Mie  estimate  nia<le  for  the 
flowering  alone. 

Such  a  ratio  between  the  number  of  si)ecies  known  and  the  number 
used  justifies  the  inquiry  wliieb  I  have  ]>roposed  for  discussion  at  this 
ttoie,  namely,  can  tbe  short  lifit  of  oseAil  plaatR  be  increased  to  ad  van- 
tage t  If  soy  howt 

This  is  a  practical  question ;  it  is  likewise  aveiryoldone.  In  one 
form  or  another,  by  one  people  or  another,  it  has  been  asked  from  early 
times.  In  tbe  dawn  of  civilization  mankind  inheritedihim  savf^  an- 
oestors  certain  plants,  which  bad  been  fonnd  amenable  to  simple  culti- 
vation, and  tbe  products  of  these  plants  supplemented  the  spoils  of  the 
chase  and  of  the  sea*  The  question  which  we  ask  now  was  asked  then. 
Wild  plants  were  examined  for  new  uses;  primitive  agrieoltore  and 
horticDlture  extended  their  bounds  iu  answer  to  this  inquiry.  Age 
after  age  has  added  slowly  and  cautiously  to  the  list  of  cultivable  and 
atilizable  plants,  but  the  aggregate  additions  haye  been,  as  we  have 
seen,  comparatively  slight. 

The  question  has  thns  no  charm  of  novelty,  but  it  is  as  practical 
to-day  as  in  early  ages.  In  fact,  at  the  present  time,  in  view  of  all  the 
appliances  at  the  command  of  modern  science  and  under  the  strong 
li^ht  cast  by  recent  biological  and  technological  research,  the  inquiry 
which  we  propose  assumes  great  importance.  One  phase  of  it  is  being 
attentively  and  systematically  regarded  in  the  great  experiment  sta- 
tions, another  phase  is  beinja^  studiecl  in  the  laboratories  of  chemistry 
and  pharmacy,  while  still  another  presents  itself  in  the  museums  of 
economic  botany. 

Our  question  maybe  put  in  other  words,  which  are  even  more  prac- 
tical. What  present  likcliliood  is  tlicn*  tliat  our  tal>U's  may,  one  of 
theso  days,  have  other  vejLjetalde*!,  fi  nite,  hjhI  ecivals  than  tliose  whicli 
wensf  now  f  ^\'hat  rlr.nict' is  tin  re  that  new  hbers  may  supplement 
or  even  replace  those  which  we  spin  and  weave,  that  woven  fabrics 
may  take  on  new  ve;^eral>h'  eoloi  s,  iliat  Howers  and  h-aves  may  yield 
«nnv  perfunu^s  and  tiavors  '  What  prohal)ilitv  i^  there  tliat  new  reme- 
dial asrents  may  bo  found  amonjr  plants  ne^^hcted  or  now  wholly  un- 
known! Th*'  answer  which  1  sliall  attempt  is  not  in  the  nature  of  a 
piophecy;  it  can  claim  no  rank  higher  than  that  of  a  reasonable  con- 
jecture. 

At  theontsi'i  it  mast  be  said  that  syntlu'tie  chemistry  has  made  and 

is  making  some  exceedingly  short  cnts  ju  ioss  t liis  held  of  researcii. 
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j^iviug  us  artilit^ial  dyi's,  odui  .s,  Havor.s  aud  luediciiml  »ub8tauoei«,  of 
siieh  excellence  tbat  it  8ometime8  neeins  if  before  long  the  old-fieh- 
ioned  chemical  processes  in  the  plaot  itself  would  play  ouly  a  saboidi* 
nato  part.  But  although  there  is  no  telling  where  tiie  trinmphB  of 
chemical  synthesis  will  end,  it  is  not  probable  that  it  will  ever  interfcie 
essentially  with  certain  classes  of  economic  plants.  It  is  impossible  to 
conceive  of  a  syutbetic  fiber  or  a  Kynthetic  fruit.  Chemistry  gives  iu 
fruit  ethers  and  froit  acids,  and  after  a  while  may  provide  ns  with  a 
true  artificial  sugar  aud  amorphous  starch;  but  artificial  fruits  worth 
the  eating,  or  artificial  fibers  worth  the  spinning,  are  notoomlDg  in  our 
day. 

Despite  the  extraordinary  achievements  of  synthetic  cbemistcy,  the 
world  must  be  content  to  accept,  for  a  long  time  to  come,  the  results  of 
the  intelligent  labor  of  the  cultivator  of  the  soil  and  the  explorer  of  ths 
forest.  Improvement  of  the  good  plants  we  now  utilize,  and  the  dis- 
covery of  new  ones,  must  remain  the  caro  of  large  numbers  of  diligent 
students  and  assiduous  workmen.  So  that  in  lart  our  question  re- 
solves itself  into  this:  Can  these  practical  investigators  hope  to  make 
any  substantial  advam  e? 

It  w  ill  be  well  to  glance  first  at  the  manner  in  which  our  wild  sod 
cultivate  d  plants  have  been  singled  out  for  use.  We  shall,  in  the  ease 
of  each  class,  allude  to  the  methods  by  which  the  seleeted  plants  have 
been  improved,  or  their  products  ftilly  utilized.  Thus  looking  the  gnmnd 
over,  although  not  minutely,  we  can  see  what  new  ])lants  are  likely  to 
be  added  to  our  list.  Our  illustrations  can  at  the  best  be  only  iiag- 
uieutary. 

We  simll  not  liavp  time  t<>  treat  the  ditferent  divisions  of  the  subject 
in  precisely  the  propoirioiis  which  would  be  demanded  by  an  exhaust- 
ive essay;  an  addrrss  on  an  occasion  lik(»  this  must  pas<  liufhtly  over 
some  matters  w  hich  otlicr  o])portunitics  lor  discussioti  could  i)ro]»t'ily 
examine  with  great  lulness.  Unfortunately,  some  of  the  minor  lopic-'*  ■ 
whicli  imist  be  thus  ])ass<»d  l>y  possess  <'oiisiderab]c  jxipular  interest;  ■ 
one  of  these  is  the  first  subordinate  ijucslion  introduetury  to  our  task. 
Tianiely,  bow  were  our  useful  cultivated  and  wild  plants  selected  for 
use! 

A  stndy  of  the  early  history  of  i>lants  employe<l  i\n-  cereiuonial  pnr- 
I)Oses,  in  icligious  soleniniti»'s.  in  incautations.  and  for  medicinal  uses, 
shows  how  slender  has  sometimes  been  the  clanu  of  certain  plants  to 
the  possession  of  any  real  utility.  But  some  of  the  ])lants  which  havt« 
been  brought  t^o  notice  in  these  ways  have  afterwards  been  foun<I  to  be 
utilizable  in  some  fashion  or  other.  This  is  often  seen  in  the  cases  of 
tlie  i)laut^  whicli  have  been  suggested  for  medicinal  use  through  the 
absnnl  doctrine  of  signatures.* 

It  seems  clear  that  except  in  modem  thnes  usel^l  plants  have  been 
selected  almost  wholly  by  chance,  and  it  may  well  lie  said  that  a  selee- 

*  The  Jh'olk-Ure  of  riani*.    By  T.  F.  Thiwlton  Djer.  1880. 
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tioii  ]>y  accident  is  no  selection  at  all.  Nowadays  the  new  selections 
are  based  on  analogy.  One  of  the  most  stiikin<4-  illustrations  of  tlic 
moderu  method  is  aftbrded  by  the  utilization  of  bambou  fiber  for  elecU  ic 
lamps. 

Some  of  the  classes  of  useful  plants  ninst  be  parsed  by  without  ])re.s 
ent  diseussion,  otiiois  alknkMl  to  slightly,  while  still  other  groups 
fairly  representative  of  selection  and  iniiuovenicut  will  be  more  fully 
described.    In  thin  latter  class  would  naturally  como,  of  course,  the 
food  plants  known  as 

Let  us  look  first  at  these.  The  species  of  grasses  which  yield  thes^ 
aeed-like  fiuits,  or,  as  we  might  call  them  for  our  purjioso,  seeds,  are 
numerous;*  20  of  them  are  cultivated  largely  in  the  Old  World,  but 
only  six  of  them  are  likely  to  be  very  familiar  to  you,  namely,  wheat, 
rice,  barley,  Oiits,  rye,  and  maize.  The  last  of  these  is  of  American 
origin,  despite  doubts  whi^h  have  been  cast  upon  it.  It  was  not  known 
in  the  Old  World  until  alter  the  discovery  of  the  I^ew.  It  lias  }irob- 
ably  been  very  long  in  eiUtivation.  The  others  all  belong  to  the  Old 
W'orld.  Wheat  and  barley  have  been  cultivated  from  the  earliest 
times;  according  to  De  Candolle,  the  chief  authority  in  these  matters, 
about  four  tlmnsand  years.  Later  came  rye  and  oats,  both  of  which 
have  been  known  in  cultivati(»n  for  at  least  twotlioiisand  years.  ICvcn 
the  shorter  of  these  periods  rs  time  enough  for  \\  u\*'  v  ii  intion,  and 
as  is  to  be  expected  tliere  are  numenms  varieties  of  ihem  ail.  For  in- 
stance,  Vibnorin.  in  l.S8(>,  tiunred  sixty-six  varieties  of  wheat  with 
plainly  distinguishable  characters. + 

Tf  tlie  Chinese  records  are  to  be  trusted,  rice  has  be<'n  cultivated  for 
a  ]M  1  uxi  much  longer  tlian  that  assigned  by  our  history  and  traditions 
to  lh4'  other  cereals,  and  the  varieties  are  correspondingly  numerous. 
It  is  said  that  in  Japan  above  three  hundred  varieties  are  grown  on 
irrigated  lands,  and  more  than  one  hundred  on  uplands.]: 

With  the  jiossible  exception  of  rice,  not  one  of  the  species  of  cereals 
is  certainly  known  in  tlie  wild  state.§  Now  and  then  specimens  have 
l>een  gather*  d  m  the  Ivi.st  which  <'an  be  referred  to  the  jirobable  tyi)e8 
from  which  our  varieties  have  sprung,  but  doubt  has  been  thrown 
upon  every  one  of  these  cases.  It  has  been  shown  conclusively  that 
it  is  easy  for  a  plant  to  escape  ftom  cultivation  and  iiersist  in  its  new 

•  In  Dr.  Sturt^vaut's  list,  88  siMH-ies  of  Gramineiv  are  (ounted  as  food  pliiiits  under 
(  lilt  ivation,  while  tbo  number  of  spwie**  in  tliia  order  which  cuu  ht>  or  have  been 
utilized  &h  foml  aiuuuuts  to  146.  Our  smaller  uuinber,  20,  coiuiiritHiHouly  tho»e  which 
have  becu  grown  on  a  large  ficato  anywhere. 

t  **  In  the  AKncnltural  Miitteum  at  Poppeladoif,  fiOO  varieties  are  exhibited." 

;  E.  L.  S.  in  letter.   Quoted  from  Seedittuan's  oatalngtie. 

^  Tin-  b.  st  account  of  the  early  bintory  «>f  tln>s««  and  other  cnlttTated  plant.s  can 
be  touiul  in  the  ebiH^-iciil  work  of  Do  Candolb;  "*  Oritjine  dm  I'tantes  fulth  eea  ( Parj») 
tranrilaled  iu  the  Iut»  r:i;Hiuual  seri«'s,  HinUiry  of  (  ultivuUtl  J'lauls  (N.  Y.;.  ITio 
reftder  should  consalt  also  Panriii's  Jnimah  and  Pfantt  under  Dome^HcatUm. 
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homo  even  tor  a  loii^  time  in  a  near  apjuoxim;)?  ion  lo  ciiltivat.e€l  t\mu. 
Heui'o,  we  are  fdirced  to  re^ieive  all  stateiiients  icgardinir  the  wild 
foriius  witli  j'aiilion.  But  it  may  b<*  safely  said  that  if  all  the  varieties 
of  eereals  which  we  imw  t'U.Ui\ate  were  to  he  swept  out  of  existt'iue, 
we  could  hardly  kuow  where  to  turu  for  wild  sixiiies  with  which  to 
begin  again.    We  eoirld  not  know  \wili     i  I ainly. 

To  bring  this  fa<'t  a  little  more  \  i\  idly  to  our  niind.>,  let  us.supiHKSi^a 
case.  Ij<'t  ns  imajri'"'  that  a  l>liulit  witlnnit  parallel  has  brought  t4»  ex- 
tinetioii  all  the  forms  of  w  in  .ti.  rice,  rye.  oats,  ha  i  ley.  ami  maize,  now  in 
cultivation,  lint  without  allecting  the  other  -grasses  or  any  other  form 
of  vegetable  Ibod.  Maukind  would  he  oblig<'d  to  subsist  U|)on  the  other 
kuuily  fruits  uf  the  earth;  upon  root  crops,  tubers,  leguminou.s  seeds, 
and  so  on.  Some  of  the  substitutions  might  be  anmsiug  in  any  other 
time  than  that  of  a  threatened  famine.  Others  would  be  far  from  apiH'tix- 
ing  under  any  couditiou,  and  only  a  few  would  be  wholly  satisfying  even 
to  the  mo8t  pronounced  vi'getarian.  In  short,  it  would  seem  firom  tbe 
first)  that  the  cereals  fill  a  place  occupied  hy  no  other  plants.  The  com- 
position of  the  grains  is  theoretically  and  i»ractically  almost  perfect  ad 
regards  food  ratiobetween  the  nitrogenous  matters  and  the  starch  group ; 
and  the  food  value,  as  it  is  termed,  is  high.  But  aside  from  tiiese 
considerations,  it  would  be  seen  that  for  safety  of  preservatiou  tbioogb 
considerable  periods,  and  for  convenience  of  transportation,  the  oeie- 
als  take  highest  rank.  Pressure  would  come  from  every  side  to  compel 
us  to  find  equivalents  for  the  lost  grains.  From  this  predicament  I 
believe  that  the  well-equipped  Experiment  Stations  and  the  Agri- 
cultural Departments  in  Europe  and  America  would  by  and  by  extri- 
cate us.  Continuing  this  hypothetical  catie,  let  us  next  inquire  how 
the  stations  would  probably  go  to  work  in  the  up-hill  task  of  making 
partiaUy  good  a  well-nigh  irreparable  loss. 

The  whole  group  of  relatives  of  the  lost  cereals  would  be  passed  in 
strict  review.  Size  of  grain,  strength  and  vigor  and  plasticity  of  stock, 
adaptability  to  different  surroundings,  and  flexibility  in  vaiiatiott  would 
be  examined  with  scrupolons  care. 

But  the  range  of  experiment  would,  under  th(^  eireumstauces,  extend 
£Eur  beyond  the  relatives  of  our  present  cereals.  It  would  embnice  an 
examiuation  of  the  other  grasses  which  are  even  now  cnltivatcil  for 
their  grains,  but  which  are  so  litth^  known  outside  of  their  own  limit 
that  it  is  a  surprise  to  hear  about  them.  For  example,  the  millets, 
great  and  small,  wonld  be  investigated.  These  grains,  so  little  known 
here,  form  an  important  crop  in  certain  i)arts  of  the  Eai*t.  One  of  the 
leading  authorities  on  the  subject*  states  that  the  millets  constitute 

*  Food  grain$  of  India,  A.  H.  Church,  Loudon,  IStH),  p.  '31.  In  this  instructive 
work  the  reader  will  find  much  information  rt*;arai-({in|^  the  leas  common  articles 
of  food.  Of  Panicum  frumentactitin  rn>i.  (Jeorgrsim  htut+^s  in  a  letter  that  it  is 
LTn  v  II  in  j  i pnti  for  its  grain  which  is  used  for  food,  hut  hore  wonld  take  tank  a»  a 

iotldwr  plant. 
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"a more  importaut  crop''  in  India. "than  either  rice  or  wheat,  uiid 
are  grown  Tnore  extensively,  being  raised  I'niUi  ^Fadras  in  the  south  to 
R^jputaiia  ill  the  north.  They  occupy  about  8,5  pt  r  cent  of  the  food 
gram  area  in  Bombay  and  Sinde,  41  percent  in  the  Punjab,  39  per 
cent  iu  the  Central  Provinces,"    in  all  about  :5(),UU(),U0O  iicres." 

Having  chosen  proper  subjects  for  experimenting,  the  cultivators 
would  make  use  of  <'ertain  well-known  jn  iui  iples.  By  simple  selection 
of  the  more  desirable  seeds,  strains  would  bo  secured  to  suit  definite 
wants,  an<l  these  strains  would  be  kei)t  as  races,  or  attempts  would  be 
made  to  intensity  wished-tor  characters.  By  skillful  hybridizing  of  the 
lirst,  second,  and  higher  orders,  tendencies  to  wider  variation  would  be 
obtained  and  the  process  of  selection  considerably  expedited.* 

It  is  oat  of  our  power  to  predict  Low  much  time  would  ^pae  before 
satisfactory  substitutes  for  our  cereals  could  be  found.  In  the  im- 
provement of  the  grains  of  grasses  other  than  those  which  have  been 
very  long  under  cultivation,  experiments  have  been  few»  scattered,  and 
indecisive.  Therefore  we  are  as  badly  off  for  time  ratios  as  are  the 
geologists  and  arehsologists^  in  their  statements  of  elapsed  periods* 
It  is  impossible  for  us  to  ignore  the  fact  that  there  appear  to  be  occa- 
sions in  the  life  of  a  species  when  it  seems  to  be  peculiarly  susceptible 
to  the  influences  of  ite  surronndings.t  A  species^  lilce  a  carefhlly  laden 
ship,  represents  a  balancing  of  forces  within  and  without^  Distorbance 
may  come  through  variation  from  witliin,  ae  from  a  shifting  of  the  cargo, 
or  in  some  cases  from  without.  We  may  suppose  both  forces  to  be 
active  in  producing  variation,  a  change  in  the  internal  condition  ren- 
dering the  plant  more  susceptible  to  any  change  in  its  surroundings. 
Under  the  influence  of  any  marked  disturbance,  a  state  of  unstable 
equilibrium  may  be  brought  about,  at  which  times  the  species,  as  such, 
is  easily  acted  upon  by  very  slight  agencies. 

One  of  the  most  marked  of  these  derangements  is  a  cousequeuce  of 
cross-breeding  within  the  extreme  limits  of  varieties.  The  resultant 
forms  in  such  cases  can  persist  only  by  chise  breeding  or  by  propaga- 
tion  from  buds  or  the  equivalents  of  buds.  Disturbances  like  these 
arise  unexiiectedly  in  the  ordinary  course  of  nature,  giving  us  sports 
of  various  kinds.  These  critical  periods  however  are  not  unwelcome, 
since  skillful  cultivators  can  take  advantage  of  them.  In  this  very 
Held  much  has  been  accomplished.   An  attentive  study  of  the  saga- 

*  In  order  to  »void  possible  misappreheiiaion,  it  shonld  be  stated  tbftt  thece  ere  a 
few  pereoBS  who  bold  that  at  leaat  some  of  our  eereala,  and  otber  cnltivatod' plants, 

for  that  matter,  have  not  mulergone  material  improvement  but  are  essentially  nn- 
iiioflified  progeny.  T^tnltT  thiH  view,  if  wo  could  look  Ituclv  into  tli«'  lartlif-t  f»:i.st, 
we  Mbould  see  our  cereuls  growiu|f  wild  and  iu  Hiich  adiuiralile  coiiditioii  that 
should  unhesitatingly  sulect  them  for  immediate  u;se.  Thin  extreme  position  un- 
tenable.  Again,  there  are  a  few  eztremistH  who  hold  that  some  plants  under  ealU- 
vat)<iQ  have  reached  their  culminating  point,  and  must  now  remain  stattonary  or 
begin  to  retrograde, 
t  Gray's  Botanical  Text  Jiook,  vols,  i  and  ii. 
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c'ions  work  done  by  Thomas  Audrew  Kuiglit  sliows  to  \\hi\i  cxieiit  this 
can  be  (lone.*  lint  we  must  confess  that  it  would  b*-  ;}l)solut<'ly  impits- 
sible  to  i»r»'(bct  with  certainty  how  loiif^:  or  how  ->lt  rt  would  l>t'  the 
time  before  new  cereals  or  acceptable  equivalents  tor  them  would  be 
provided.  Uphold  by  the  conlidenee  which  T  have  in  the  iutelli-cnce. 
inu<'nnity,  and  enerjry  of  our  Experiment  iStations,  1  nuiy  say  that  the 
tiiiif  wonld  not  probably  exceed  that  of  two  generations  of  our  race,  or 
half  a  centnry. 

Jn  now  laying;  aside  our  hypothetical  illustration,  1  venture  to  ask 
why  it  is  that  our  Experiment  Stations  and  other  institutions  (hiding 
with  ]>lants  and  their  improvement  do  not  undertake  in\  esti^'aiious 
like  thos<»  which  I  have  sket^'hed?  Why  are  not  noma  of  the  f^rasses 
other  than  our  present  cereals  studied  with  reference  to  their  adoption 
as  food  grains?  One  of  these  si)eeies  will  naturally  suggest  itself  to 
you  all,  namely,  the  Wild  Kice  of  the  Lakes.t  Observations  have 
shown  that  were  it  not  for  the  diffienlty  of  harvesting  these  graius 
which  fall  too  easily  when  they  are  ripe,  they  might  be  utilized.  But 
attentive  search  might  iind  or  educe  some  variety  of  Zizania  with  a 
more  persistent  grain  and  a  better  yield.  There  are  two  of  oar  ses^ 
shore  grasses  which  have  excellent  grains,  but  are  of  small  yield 
Wliy  are  not  these,  or  better  ones  which  might  be  suggested  by  obser- 
vation, taken  in  haudt 

The  reason  is  plain.  We  are  all  content  to  move  along  in  lines  of 
least  resistance,  and  are  disinclined  to  make  a  fresh  start.  It  is  merely 
leaving  well  enough  alone,  and  so  far  as  the  cereals  are  concerned  it  is 
indeed  well  enough.  The  generous  grains  of  modem  varieties  of  wheat 
and  barley  compared  with  the  well-preserved  charred  vestiges  found  in 
Greece  by  Schliemann,!  and  in  the  lake  dwelliugs,f  are  satisfactory  in 

•  A  Selection  from  the  rhytiotoyiml  tonl  Hortk-Hltumi  I'aptrif,  |Miblisli.  il  in  tli«"  Trans- 
actiuus  of  the  Royal  and  Horticnltural  Socii'lie.H,  by  the  Lite  Tlioui:i.>>  Aiiilrcw  KuigUt, 
esq.,  president  of  the  Hort  8oc.  London  (London),  1841. 

t  lUunirationnnf  the  Mftntmii  and  CitHtomii  ami  ContHtiwof  the  Xorlk  AmericaM  Jndian9, 
By  Oooriic  ratliu,  TaiihIoii,  IKTii.  A  rrpriiit  urthpacrotiTitp(iMi>lie(liulS41  ot'travelt 
iu  18H2-1.S4().  I'late  278  is  a  party  of  Sioux,  in  bark  «  hjjim  s  |uiirhascd  of  tlie  Cbip- 
pcwa»),  gatheriug  tbewild  rice,  which  growH  iu  immeu.st>  lii-hlf*  arouud  tlie  !»Lurc'»ui' 
the  riven  and  lakee  of  these  northern  regions^  and  u»ed  by  the  Indians  as  an  article 
of  food.  The  mode  of  gathering  it  is  cnrioiie.  and,  as  seen  in  the  drawing,  one  woman 
paddU'8  the  canoe,  wljildt  anofher,  witlia  st  ick  in  each  hand,  bends  the  rio«  over  tlie 
can<w>  with  one  aud  strikcH  it  with  flic  (»th<  r,  wlii(  li  slialct  ;<  if  into  the  canoe,  wbicb 
18  ciMJstautly  moviug  along  uutil  it  is  lilh  d."    V<il.  ij,  p.  20S. 

I Seblieinaun's carbonized  Apei'iuiens  exhumed  in  Greece  are  said  to  be  •  very  liard, 
line-grained,  sharp,  very  flat  on  grooved  side,  differont  ftoni  any  wheats  now  known.'* 
Am.  Jniiq.f  1880,  66.  The  carbonized  grains  in  the  Peabody  Musenm  at  Cambridge. 
Mass..  are  small. 

PrehiHtoric  Tinutf,  as  illustrated  by  ancient  remains  and  the  niatnu  rs  and  <  n-toran 
of  modem  savages,  liy  .John  Lubbock,  Hart.  (New  \  ork,i,  4ih  edn.,  iNHi.  i  hrea 
varieties  of  wheat  were  eultivated  by  the  Lake  Dwellers,  who  also  possessed  tiro 
kinds  of  barley  and  two  of  millet.  Of  tliese  the  most  ancient  and  most  ImporUnt 
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every  respect.  Improvements  liowcver  are  making  in  mauj-  direc- 
tions; and  in  tfie  ecmils  we  now  have,  we  possess  far  bett4i'r  and  more 
satisfactory  material  for  further  improvement,  both  in  (|uality  and  as 
re^rards  ran«;e  of  distributiou,  tliau  we  could  reasonably  hope  to  have 
from  other  jxrasses. 

From  the  cereals  we  may  turn  to  the  iiiteresiiug  groux».s  ot  plants 
comprised  under  the  general  term. 

II.— VBOBTABLB8. 

Under  this  term  it  will  be  convenient  for  us  to  inelude  all  plauts 
which  are  employed  for  culiDary  purposes  or  for  table  use,  such  as 
salads  and  relishes. 

The  p»)tato  and  sweet  potato,  the  pumpkin  and  sipiash,  the  red  or 
capsicum  i)eppers,  and  the  tomato  are  of  Amcriean  origin. 

All  the  others  are  most  pr{)bably  natives  of  the  ()I<1  ^N'orld.  Only 
one  plant  connn«;  in  this  class  has  been  derived  from  southern  Aus* 
trala.sia,  namely,  New  Zealand  spinacli  (Tetragonia). 

AnioT(£f  the  ve^M*tables  arid  salad  jJants  longest  in  enltivation  we 
may  enumerate  the  following;  Turnij),  011111.  eabbage,  purslane,  the 
large  bean  (Faba),  chick-pea,  lentil,  and  one  s])eeies  of  pea — garden  i)ea. 
To  these  an  antiquity  of  at  least  four  thousaTid  years  is  asi-ribed. 

Next  to  these,  in  point  of  age,  come  the  radisii,  carrot,  beet,  garlic, 
garden-eresH,  and  eelery,  lettuce,  asparagus,  and  the  leek.  Three  or 
loui  leguminous  seeds  are  to  be  placed  in  the  same  category,  as  are  also 
the  black  jieppers. 

Of  more  recent  introduction,  the  most  prominent  are  the  parsnip, 
oyster  plant,  parsley,  artichoke,  endive,  and  spinjich. 

From  these  lists  I  have  purposely  omitted  a  few  which  belong  ex- 
clusively to  the  tropics,  such  as  certain  yams. 

The  number  of  varieties  of  these  vegetables  is  astounding.  It  is  of 
course  impossible  to  discriminate  between  closely  allied  varieties  whieh 
have  been  introduced  by  gardeners  and  seedsmen  under  different 
namesy  but  which  are  essentially  identical,  and  we  must  therefore  have 
leeoorse  to  a  conservative  authority,  Viimorin,*  from  whose  work  a  few 

were  the  six-rowed  barley  n  nil  smull  'Lake  Dwt-lltT-^ ' \\lieat.  Tiio  disrovpry  (»f 
Eg3ri>tittn  wheat  (Tnlirum  tunfuiuiu)  at  Wanf^cn  and  Kuhnihauheu  is  particularly 
interesting.  Oata  wero  cultivated  duriug  the  brouze  age,  but  are  absent  Iruiu  all 
the  stone  age  villagee.  Rye  wm  else  uuknovn,"  p.  216.  "  Wheat  Is  most  oommoiii 
haTittg  been  discovered  at  Merlen,  Moosseedorf,  aud  Wangen.  At  the  latter  plaee, 
indeed,  many  busbrls  of  it  were  found,  the  fjiraiiif*  being  in  large,  thick  luin]»B.  In 
other  rast's  the  grains  arc  rrt  c.  nnd  without  cliatf,  resembling  our  present  wuent  in 
size  and  form,  while  more  rarely  they  are  still  in  the  car."  One  hundred  and  tilteea 
•pedes  of  plants  have  been  identified.  Heer  Keller. 

"  £«§  PUmtef  PotagiMtt  Yilmorin,  Paris.  T^slated  into  English  nnder  the  diree- 
tion  of  W.  Bobinson,  editor  of  the  (London)  ''Qarden,"  1885,  and  entiUed  TAe  r«f. 
etable  Garden. 

H.  Mit».  334,  pt  1  10 
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examples  have  Ix  eii  selerted.  The  varieties  wMcli  he  accepts  are  suf- 
ficiently well  (listini;ui.slH>(ltoadmitofde8eri]>tion,aiid  in  most  instances 
of  delinciition,  without  any  danger  of  conftisioii.  The  potato  has.  be 
says,  iinnuneiabh'  varieties,  of  which  he  accepts  loity  as  easily  «listili- 
p:nishable  and  worthy  of  a  place  iu  a  general  list,  but  he  adds  also  a 
list,  comprising  of  course  synonyms,  of  thirty-two  French,  twenty  six 
Knf^lish,  nineteen  American,  and  eifjhteen  German  varieties.  The  fol- 
lowintr  nnmbers  speak  for  themselves,  nil  being  selcc  ted  in  the  same 
careful  TJinniier  ns  (lios»'  of  the  i)otat(»;  celery  more  than  Twenty:  carrot 
more  tluni  tliii  ty ;  l^M't.  radish,  and  ]>otato  ninro  tlian  forty;  lettuceand 
onion  more  than  titty  :  tnriii|)  in"t(>  t\\:u\  seventy;  cabbage,  kidney  beao, 
and  ;rardeTi  pea  more  than  ♦me  Iniii  ln'd. 

Tli<*  amount  of  horticultural  work  wliich  tlirst-  uumlHTs  represent  is 
en<»rmi)Ms.  I^a<  li  variety  established  as  a  ract'i  tliat  is,  a  variety  which 
comes  tint'  to  seed)  lius  been  evolved  by  tlic  same  sort  of  patient  care 
and  waiting'  w  hicli  we  iiave  seen  is  ne<'essary  iii  the  case  of  cereuljj,  but 
the  time  of  waiting  has  not  Ive?!  as  a  general  thing  so  long. 

You  will  pernut  mc  to  (|uoi«'  irom  Vihooriu*  also  an  a<count  of  a  com- 
mon plant,  which  will  sliow  how^  wide  is  the  rangeof  variation  and  liow 
uIkscihc  are  the  indications  in  thr  wild  phuit  of  its  available  possibili- 
ties. The  exaiiipl»'  shows  how  »'(mi]detely  hidden  are  the  potential 
variations  useful  to  maiiknid. 

**Cabbage,  a  i)lant  which  is  indi'^enous  in  luirope  and  western  Asia, 
is  one  of  the  vegetables  which  has  Itcen  cultivated  from  the  earliest 
time.  The  ancients  were  well  acquainted  with  it,  and  certainly  pos- 
sessed several  varieties  of  the  head-forming  kinds.  The  gi  cat  antiq- 
uity of  its  culture  may  be  inferred  from  the  immense  number  of  varieties 
which  are  now  iu  existence,  and  from  the  very  important  modificsatioiia 
which  have  been  produced  in  the  characteristics  in  the  original  or  parent 
plant. 

^*  The  wild  cabbage,  such  as  it  now  exists  on  the  coasts  of  Eingland 
and  France,  is  a  perennial  plant  with  broad-lobed,  undulated,  thick, 
smooth  leaves,  covered  with  a  glancns  bloom.  The  stem  attains  a  height 
of  from  nearly  2fi  to  over  3  feet,  and  bears  at  the  top  a  spike  of  yellow 
or  sometimes  white  flowers.  All  the  cultivated  varieties  present  the 
same  peculiarities  in  their  iiifioreseuce,  but  up  to  the  time  of  flowering 
they  exhibit  tlie  most  marked  diflerenees  from  each  other  and  fh>m  the 
original  wild  plant.  In  most  of  the  cabbages  it  is  chiefly  the  leaves 
that  are  developed  by  cultivation;  these  for  the  most  part  become  im- 
bricated or  overlap  one  another  closed,  so  as  to  form  a  more  or  less 
compact  bead,  the  heart  or  interior  of  which  is  composed  of  the  central 
nndev<doped  shoot  and  the  younger  leaves  next  it.  The  shape  of  the 
head  is  sidierical,  sometimes  flattened,  sometimes  conical.  All  the  va- 
rieties which  form  heads  in  this  way  are  known  by  the  general  name  of 

•  Loc.  cit.,  Euglitth  oditiou,  p.  101. 
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ciibba^es,  while  other  kiBds,  with  large  brunchini;:  leaves  which  never 
form  heads,  are  distinguished  by  the  name  of  borecole  or  kale. 

**In  some  kinds  the  fioiver  stems  have  been  so  modified  by  eultnre 
as  to  become  transformed  into  a  thick,  fleshy ^  tender  mass,  the  growth 
and  enlurgement  of  which  are  produced  at  the  expense  of  the  flowers 
which  are  absorbed  and  rendered  abortive.  Such  are  the  broecolis 
and  eanliflowers." 

But  this  plant  has  other  transformations.  ^  In  otlier  kinds  the  leaves 
retain  their  ordinary  dimensions,  while  the  stem  or  principal  root  has 
been  brought  by  cnltivation  to  assume  the  shape  of  a  large  ball  or  tor- 
nip,  as  in  the  case  of  the  plants  known  as  Kohl-Babi  and  tnmip>iooted 
cabbage  or  Swedish  turnip.  And  lastly,  there  are  varieties  in  which 
cultivation  and  selection  have  produced  modilications  in  the  ribs  of  the 
leaves,  as  in  the  Oouve  Tronchuda,  or  iu  the  axilary  shfoots  (aa  in  Brus* 
sels  sprouts),  or  in  several  organs  together,  as  in  the  marrow  Icales, 
and  the  Neapolitan  curled  kale.** 

Here  are  iiii{>ortant  morphological  changes  like  those  to  which  Prof. 
Bailey  has  called  attention  iu  the  case  of  the  tomato. 

Suppose  we  are  Htrollin^  aloii^^  the  beach  at  some  of  the  seaside  re- 
sorts of  France,  and  should  fall  in  with  this  <  <inrse,  cruciferous  plant, 
with  its  sprawiinfc  leaves  and  strong  odor.  Would  there  be  anything 
in  its  appearance  to  lead  us  to  searcli  for  its  hidden  merits  as  a  food 
plant  t  What  could  we  see  in  it  which  would  give  it  a  preference  over 
a  score  of  otlier  ]»l;mts  at  our  feet  ?  Agaui,  suppose  we  arc  journeying 
in  the  highlands  of  Tern,  and  should  meet  with  a  strong-smening 
plant  of  the  uij^lit-shade  family,  bearing  a  small,  irregular  fruit  of  sub- 
acid taste  and  of  ]»eculiar  flavor.  We  will  further  imagine  that  the 
I>ecu!iar  taste  strikes  our  fancy,  and  we  c^mceivr  tliaf  tlie  plant  has 
possibilities  as  a  source  of  food.  Wt»  should  be  li'd  by  our  knowledge 
of  tlie  i)ot;thi.  pToba])ly  a  native  of  the  same  region,  to  tliink  that  this 
allied  plant  iiii^lit  be  safely  traiislcrrcd  to  a  Tiorthern  eliniate,  but  would 
there  be  ])r<)miso  of  enon'j  h  future  usefulness  in  sucli  a  case  as  tliis  to 
warrant  oar  carrying  tiie  ]>Iant  north  as  an  article  ot  tood  f  Hupi)ose, 
further,  we  should  ascertain  that  the  fruit  in  question  was  relished  not 
only  by  the  natives  ol  its  liome,  but  that  it  had  found  iavor  among  the 
tribes  of  South  Mexico  and  Central  America,  and  had  been  cultivattnl 
l)y  tliem  until  it  liad  attained  a  large  size,  should  we  be  strengthened 
in  om  venture  ?  T.et  as  one  step  further  still.  Suppose  that  having 
deci(bMl  iiiioM  the  int  Kulm  t ion  ul'  tlie  plant,  and  having  urged  every- 
bod\  to  try  it,  we  should  lind  it  discarded  as  a  fruit, bill  lakmg  a  pla(*e 
in  gardens  as  a  i-uriosity  under  an  absurd  name,  or  as  a  basis  for  i)re- 
serves  aiul  pickles;  should  we  not  look  njioii  our  e.Nperiment  in  the  in- 
troduction of  this  new  jjlant  as  a  failure  i  This  is  not  a  hypothetical 
case. 


Digitized  by  Google 


628      SUMK  OF  THE  POStsIBIHTlES  OF  ECONOMIC  BOTANY. 


The  tomato,*  the  plant  in  question,  was  cultivated  in  Europe  as  long 
skgo  as  1554 ;t  it  was  known  in  Virginia  in  1781,  and  in  theKorthern 
States  in  1785;  but  it  found  its  way  into&vor  slowly,  even  in  tliis  land 
of  its  origin.  A  credible  witness  states  that  in  Salem  it  was  almost 
impossible  to  induce  people  to  eat  or  even  taste  of  the  fruit.  And  yet, 
as  you  are  well  aware,  its  present  cultivation  on  an  enormous  scale  in 
EuroiM)  and  this  country  is  scarcely  sufficient  to  meet  the  increasing 
demand. 

A  plant  which  belongs  to  the  family  of  the  tomato  has  been  known 
to  the  public  under  the  name  of  the  strawberry  tomato.  The  juicy 
yellow  or  orange-colored  fruit  is  inclosed  in  a  papeiy  calyx  of  large 
size.  The  descriptions  which  were  published  when  the  plant  was  placed 
on  the  market  were  attractive,  and  were  not  exaggerated  to  a  mislead- 
in;:!:  ('xt<,>Dt-.  Bnt,«syouall  know,  the  plant  never  ^iuned  any  popu- 
larity. If  we  look  at  these  two  cases  caretuliy,  we  .sball  see  that  what 
appears  to  be  caprice  on  the  part  of  the  public  is  at  bottom  ooniuion 
sense.  The  ciises  illuBtrate  as  well  as  any  which  are  at  eoniraand  the 
difficulties  which  surround  the  whole  subject  of  the  introduction  of  new 
foods. 

Before  asking  si)eeifieallj*  in  what  direction  we  shall  look  for  new 
vegetables,  I  must  be  pardoned  for  calling  attention,  in  passings  to  a 
very  few  of  the  nniny  which  are  already  in  limited  use  in  Kurojte  ami 
this  country,  but  which  merit  a  wider  employment.  Cardoii,  or  car 
(loon;  celeriac,  or  turnii>  rooted  ccli'ry;  fetticus,  or  corn  salad:  mar 
t\iiia:  salsify:  sea  Icnlc.  ami  iiiinicroiis  small  salads,  are  examples  of 
neglect!  (!  treasures  of  the  vegetable  garden. 

1  lie  toll  owing,  which  are  even  less  known,  may  be  incutioued  as  £urly 
liromisiiig:} 

(J)  Arrafaeia  csritlnita.  called  Arracacha,  beloiiuiii;:  to  the  i)arsley 
family.  It  is  extiiKsively  cultivated  in  Home  of  the  noithern  States  ,>t 
•South  America,   The  stems  are  swollen  near  the  base,  and  i>roduce 

'According  to  notM  made  hy  Mr  Huming,        MMsachasetta  BortienlUiral 

Socioty  (llist.  }f,rs.-.  Uort.  Siwu  ttf),  the  tomato  Wns  iiitro<lur«Ml  into  Saloui,  Muss., 
about  18(>2  hy  Mil  lit'le  Felit  o  C<iin<^,  an  Italian  pjiiutt  r.  Init  hv  found  itdi(!irult  to 
periiuaUo  people  »  veu  to  tut*t«  the  fruit  (F©lt'»  Annah  oj  Salem,  vol.  ii,  631).  It 
was  mid  to  have  .bfwn  hitroducad  into  Philadelphi»  hj  a  French  leftigec  ixum  8«a 
Domlof^o,  in  1798.  It  wan  uoed  an  an  article  of  food  In  Kow  Orleans  in  1812,  bnt  wa^ 
not  Hold  in  tlu'  markets  of  Philad<  l]i1ii;(  until  18:29.  It  did  not  Come  into gtt&eral  ttM; 
in  the  North  until  sonu'  v<^irM  nftcr  Ili<  !asf  Ti;nni'<l  dati". 

t  *'ln  Spain  and  tho.s«»  hot  r«•<^u»n^<  they  u>^»'  to  cat  tin*  (love)  applc«  prepared  and 
boiled  with  p''ppt  r,  salt,  and  olivt'»;  but  ihvy  yield  very  little  uuurisbment  to  the 
bodies,  and  tbe  same  noagbt  and  eormpt.  LikewiHO  they  doe  Aat  the  appl«!0  with 
<iih>,  \  inegar,  and  p<p]>er  mixed  together  for  hauce  to  their  meat  aa  we  in  theee 
eohl  '  '>!!iitrt»'s  do  nm^ijiii."    (ievard'»  Jftrbul.  I'lH. 

t  (  omtm  rcial  Jniitiiiif  »i/  tiir  Sim'tceiith  Cfittiu  ji.  By  .lohli  K.  .JiH'kHon,  A.  L.  8. 
C'MHsell  and  t'oiupany.  London,  l^UD.  Mr.  .hu  kson,  who  is  tlie  curator  of  the 
muaeums,  Rr»yal  Gardene,  Kew,  has  enihodied  in  thin  treatise  a  great  amoont  of 
TAluablo  information,  well  arranged  for  ready  reference. 
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tuberous  eiilai'igenieut.s  liiled  with  an  exct'lloiit  starch.  Althouf'h  the 
plant  is  of  comparatively  easy  tultivation,  ellbrts  to  introduce  it  into 
Europe  have  not  bceu  suceosstul,  but  it  is  said  to  luive  found  favor  in 
both  the  Indies,  and  may  prove  useful  in  our  Southern  States. 

(2)  Ulliiem  or  OUucus,  another  tuberous  root^'d  plant  from  neiirly 
the  same  region,  but  behmginji^f  to  the  hoet  or  spinaeh  family.  It  lias 
produced  tubers  of  good  size  in  Enuhiiid,  l»iit  tliey  arc  too  -svaxy  in 
consistence  to  dispute  tlu'  ])lace  of  the  better  tubers  of  the  potato.  The 
plant  is  worth  iuvestii,^atiny  for  our  liot,  dry  IihkN, 

(3)  A  tubcr-bearinjr  relativ*'  (»four  common  iied^a*  nettle,  or  Stdchyfiy 
is  now  cultivated  on  a  large  scale  at  Crosnes,  in  France,  for  the  Paris 
market.  Its  name  in  Paris  is  taken  from  the  locality  where  it  is  now 
grown  for  use.  Although  its  native  country  is  Japan,  it  is  called  by 
some  seedsmen  Chinese  artichoke.  At  the  i>resent  stage  of  cultiva 
tion  the  tubers  are  small  and  are  rather  hard  to  keep,  but  it  is  thought 
"  that  both  of  these  defects  can  be  overcome  or  evaded."*  Experi- 
ments indicate  that  we  have  in  this  spe  cies  a  valuable  adtlition  to  our 
vegetables.   We  nuist  next  look  at  certain  other  neglected  possibilities. 

Dr.  Edward  Palmer,f  whose  energy  as  a  collector  and  acuteness  as 

an  observer  are  kuoMTi  to  you  all,  has  brought  together  very  iuterest- 
 h  .  

*  Gard.  Chron.,  1888. 

i  Department  of  AgricuHure  Rpport  for  l.*<70,  p,  401—128.  Only  thiwe  are  hezo 
copied  from  Dr.  Palmer's  list  which  he  expressly  stiit'Cs  are  exten.sivuly  used. 

Gronnd  trnt  {JpioM  tuherota);  MtenSuB  CtUif»miea;  Agave  Americana;  Nupkar  ad- 
vena;  prftiria  potato  (Pwrtdea  eBeuUttta);  SMrput  taeiuiri*}  SagUtaria  varkihUU $ 
Kniu:kSH-root  (  ('amaisia  tarulenta) :  Solanum  Fmdltri  (SttppOBOd  by  him  to  bo  the 
oiijfinal  of  the  cultivated  p<itato);  acorns  of  vnrtons  sort:  iiifsrjuit  (Algurobia 
gland ulosa);  Juniperua  occidcntaIin ;  nuts  of  Caryn,  JtujlanSf  <'ti  .;  screw-bean 
{islrombocarpM puhmcenn) ;  various  cactaceic  ;  Yucca;  cherries  jm«l  many  wild  ber- 
ries; Chmopodhm  attiim.,  etc.  />«>ralM  «Mnif«tta=spRurie  potato,  or  bread  root. 
Palmer  in  AgriruUural  Report,  1870,  p.  402. 

The  following  from  Catlin,  /.  r.  i,  p.  I'J'i: 

"Com  and  <lned  me:it  nro  ireiitr.illy  hiiti  up  in  tbt-  fall  iu  suUifiont  q  nam  it  ics  to 
support  them  through  the  wiuifr.  Th«^He  are  the  principal  articleH  ot"  tuod  during 
tiiat  long  and  inclement  Beaeon ;  and  in  addition  to  them,  tbey  often  times  have  in 
store  great  quantittea  of  dried  sqnaBheB,  and  dried  *  pommes  blanchesp'  a  kind  of 

turnip  which  grows  in  great  abundance  in  those  regions.  -  -  -  These  arc 
dried  in  ^roni  quantiticH  nji«l  piiiin<it'«l  into  a  sort  fif  meal  an«l  cooked  with  dried 
meat  and  corn.  Great  quantities  also  arc  dried  and  laid  away  in  store  for  the  win- 
ter aeaeon,  each  oa  bnffiilo  berriee,  service  berries,  strawberries,  and  wild  plums. 
In  addition  to  this  we  bad  the  Inxnrjr  of  senrice  berries  without  stint;  and  the 
buftalo  buKhcH,  which  are  peculiar  to  these northeni  regions,  lined  tli«-  1»anksof  the 
t'[\  i-Y  lujd  tbcdcfilfs  ill  the  liluft's.  sometimes  forTiiiI<  >»  together,  f(»rming almost  impasn- 
ablc  hedges,  ro  loadnl  with  the  weight  ot  their  Ircit  that  their  boughs  were  seen 
everywhere  gra<eially  bending  down  or  resting  ou  the  ground.  This  last  slirub  {fihcp' 
herdia)f  which  may  be  said  to  be  the  most  lieantifnl  ornament  that  decks  ont  the  wild 
prairies,  forms  a  striking  c<intrast  to  the  rest  of  the  foliage,  from  theblui'  appear- 
ance of  its  !e;ives,  by  whit  li  it  ran  be  dlstinguislifcl  for  mil.  s  in  (listnnre.  Till-  iViiit 
whieli  it  produi-cH  in  such  incredible  profunicMi.  hanging  in  <!lu8ter.H  to  every  Itmb 
and      every  twig,  is  about  the  size  of  ordinary  currants  and  not  uuUku  them  in 
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ilif?fai'/U  relativt'  to  tin*  IimkI  plauUut  our  JSorth  American  aborigines. 
Amonfj  the  plants  (loS4;rihc<l  by  liini  there  are  a  few  which  merit  «-are- 
fnl  investigation.  A<;ainst  all  of  them,  however,  there  lie  the  objec- 
tions mentioned  before,  nanu-ly: 

(1)  The  hmj;  time  re(jiiircfl  for  their  ini])roveinent.  and 
(J)  The  diAiculty  of  makiug  them  aceeptablc  to  the  commuuity,  in- 
volving 

(.t)  The  risk  of  total  and  morlifv  iug  faihire. 

in  the  noten  to  this  address  the  more  prominent  of  the^^e  are  euumer- 
ated. 

Til  l.sr)4  the  late  T*rof.  Gray  called  attention  U*  the  renmrk;il»ir  n  la 
tioub  whichi'xi-if  hetwt'rii  the  plants  of  Japan  and  those  ol"<nir  ivistt-ru 
coast.  V'Mi  v>  i!l  i  cinenibcr  that  he  not  only  proved  that  the  }*laiiU  of 
thetwo  rejiiuiis  iiad  a  common  origin,  but  also  empha.sized  the  fact  that 
many  species  of  the  tw<»  countries  aic  ahnost  lilcnTieal.  It  is  to  that 
country  which  hasyicidud  us  so  many  usuliil  and  beautiful  plants  that 
we  turn  for  new  vegetables  to  supplement  our  i)resent  food  resources. 
One  of  these  plants,  namely,  StachyHy  lias  already  been  mentioned  as 
rather  promising.  There  are  others  which  are  worth  examination  and 
perhaps  acquisition. 

One  of  the  most  convenient  places  for  a  preliminary  examination  of 
the  vegetables  of  Japan  is  at  the  railroad  Btations  on  the  longer  lineS) 
for  instance,  that  running  from  Tokio  to  Kobe.  For  native  oonsnmp- 
tion  there  are  prt^pared  luncheon  boxes  of  two  or  three  stories,  pro* 
vided  with  the  simple  and  yet  embarrassing  chopsticks.  It  is  worth 
the  shock  it  canses  one's  nerves  to  invest  in  these  boxes  and  try  the 
vegetable  contents.  The  bits  of  fish,  flesh,  and  fowl,  which  one  finds 
therein  can  be  easily  separated  and  discarded,  upon  which  there  will 
remain  a  few  delicacies.  The  pervading  odor  of  the  box  is  that  of  aro- 
matic vinegar.  The  generons  portion  of  boiled  rice  is  of  excellent 
quality,  with  every  grain  well  softened  and  distinct,  and  this  without 
anything  else  would  anflice  for  a  tolerable  uieaL  In  the  boxes  widcb 
have  fiftUen  under  my  observation  therewere  sundry  boiled  roots,  shoots, 

color  and  even  in  lliivor;  being  exeeediu^ly  acid,  almost  unpuhitnltie  until  they  art" 
bittca  by  frost  of  autainu,  wheu  tUcy  are  sweeteucd  and  their  liavor  delii  iou.s.  Lav- 
ing  to  tlie  tadte  morh  the  rhnnicter  of  gmpeit,  and  1  am  almoat  to  think  wonld  pro- 
dure  oxeelient  wino."  (iieotgfi  Catlin's  illuatrations  and  manners^  cniitonia,  andooo* 

ditiot)  of  till'  Soi  lli     fnn  i  l,;ttt  fttrJiiltti.  Vnl.l,  p.  72.) 

For  iiiucb  rehitive  to  the  l"«Mid  of  our  ahorigincH,  eHpecially  of  the  western  coast, 
cou»ult  tho  Natiie  Itaccn  of  the  I'ncijic  Slates  of  2sorth  Amerivu.  by  11,  II.  iiau- 
cxoft  (iKeir  York),  1875.  Thn  followiu;;,  from  vol.  p.  638^  indicatca  that  inaecnra- 
eieshave  crept  into  tho  work :  "  From  tho  earliest  information  we  have  of  tii««e 
uatioiis^'  (the  author  is  Npeakiufi  of  the  New  Mexicans),  *•  th«\v  are  known  to  b:»ve 
becji  tillt'Ts  of  t!)c' soil ;  ami  though  the  implements  T>Re<l  nw\  their  inetboils  nf  culti- 
vation were  liotli  Nimple  and  primitive,  cotton,  com,  wheat,  beau»,  and  luauy  vurie- 
ttf*s  of  fruits  which  constituted  their  principal  fonil  were  raised  in  abnndsnre." 

Wliont  was  not  grown  on  the  Ainerican  continent  until  after  the  landinirof  tbe 
lirst  explorers. 
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and  needs  which  were  not  recognizable  by  me  in  their  cooked  form. 
Prof.  Gcorgoson,  formerly  of  Japan,  lias  kindly  identified  some  of 
these  for  me,*  but  he  says,  There  are  doubtless  many  others  used  occa> 
sioually," 

OiH)  may  find  sUci'd  lotus  roots,  roots  of  large  burdock,  lily  bulbs, 
shoots  of  ginger,  pickled  gre(3n  plums,  beans  of  many  sorts,  boiled 
chestnuts,  nuts  of  the  gingko  tree,  pickled  grtn^ns  of  various  kinds, 
dried  cucumbers,  and  several  kin<is  of  sca^i^ceds.  Sonic  of  the  leaves 
and  roots  are  co4)ked  in  much  the  same  manner  as  beet-roots  and  beet- 
leaves  arc  by  us,  and  the  general  effect  is  not  unappetizing.  The  boiled 
shoots  are  suggestive  of  only  the  tougher  ends  of  asparagus.  On  the 
whole,  I  <1()  not  look  baek  on  Japinifsc  railway  Inncheoiis  with  any 
longing  which  would  ('(mi|M'l  me  to  advocate  the  iudiscrimiuate  intro- 
duction of  the  constitiU'Mt  vegetables  here. 

But  when  the  same  vegetables  are  serve<1  in  native  inns,  uiidn  more 
favoral'h'  culinary  coudit ions,  without  tlie  llavor  of  vinegar  and  of  ihe 
l)iue  wood  of  tlie  linicheou  boxes,  they  appear  to  be  worthy  of  a  trial 
in  our  horticulture,  and  I  therefore  deal  with  uue  ur  two  in  greater 
detail. 

Prof.  Gcorgesou,  whose  advantages  tor  actjuiriiig  a  knowledge  of  the 
useful  plants  of  Japan  have  been  unusually  good,  lias  placrd  me  under 
great  ol)ligations  by  communicating  cei-tain  facts  rci;ar<liiig  someof  the 
more  promising  plants  ol"  Japan  which  ,ire  not  now  used  here.  It 
should  be  said  that  several  of  these  ])lants  have  already  attnictetl  the 
notice  of  the  Agricultural  Department  in  this  country. 

The  soy  bean  {Glifdne  kUpida)*  This  s|>ecies  is  known  here  to  some 
extent,  but  ve  do  not  have  the  early  and  best  varieties.  Tliese  beans 
replace  meat  in  the  diet  of  the  common  people. 

Mucnna  (Mucum  capUata)  and  Dolichos  {Dolichog  euUratm)  are  pole 
beans  possessing  merit. 

Dioseorea ;  there  are  several  varieties  with  palatable  roots.  Yeui'S 
ago  one  of  these  was  spoken  of  by  the  late  I>r.  Gray  as  iKkssessing 
'^excellent  roots,  if  one  could  only  dig  them.'' 

Colooana  a/tUiquarum  has  tuberous  roots,  which  are  nutritious. 

•  Pickled  daikou,  the  largo  rudish,  nftpu  ;^riite<l;  ^iii}j;«'r  roots.  Shoga;  Ixmus 
{(il^cim  hispida),  tuuuy  kinds,  aud  iire[»arud  iu  iiiuuy  wuy.s;  buauti  {Dolichos 
ciillraliM),  oooked  in  rice  and  mixed  with  it;  sliced  Hmu,  lotos  roots;  lily  bulba^ 
boiled  whole  and  tbe  scales  twn  off  as  ihey  ai«  eaten;  pickled  gnsen  plimis,  (Ume- 
boshi)  colored  r«<l  in  tlio  pickle,  hy  t!i«^  leaves  of  I'l  riUa  artjuia  (Shim) :  sliced 
and  dried  cuciunlifis.  Kinri;  pii^ces  of  JJobo — mots  of  I.apint  mninr:  Rakkio, 
biilbH  of  Alliuiu  liakcri,  boiled  iu  Shugii ;  grattid  Wuttabi,  Hteiu  of  Euhcma  H  anabi; 
wateTore»8,  midsn^tagaa'ashi  (not  often);  also  sometimes  pickled  gceens  of  vari« 
ous  kinds,  and  oeeasioDally  chestnut  kernels  boiled  aud  mixed  with  a  kind  of  sweet 

aance;  nut  of  the  (iinkgo  tree;  seveml  kindH  of  sea-w  1h  are  also  very  commonly 

served  with  the  rice.  (Frof.  U.  C.  Georgeson  in  letter.) 
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CanopkaUu8  Kmjdk  lias  a  large  balboiu  root,  which  is  slioedy  diieii^ 
and  beaten  to  a  powder.  It  is  an  ingredient  in  cakes. 

AraUa  eardata  is  cultivated  for  the  shoots,  and  used  as  we  nae  aspar- 
agus. 

(Enanthe  Holom/era  and  CryptoUmia  GanadenMis  are  palatable  salad 
plants,  the  former  being  used  also  as  greens. 

There  is  little  hope,  if  any,  that  we  shall  obtain  from  the  hotter  cli* 
mates  for  our  southern  territory  new  species  of  merit  The  native 
^  markets  in  the  tropical  citTes  like  Colombo^  Batavia,  Singapore,  and 
Saigon,  are  rich  in  firoits,  but  outside  of  the  native  plants  bearing  these 
nearly  all  the  plants  appear  to  be  wholly  in  established  lines  of  cultiva- 
tion, 8uch,  for  instance,  as  members  of  the  gourd  and  night-shade 
families. 

Before  we  leave  the  subject  of  our  coming  vegetables,  it  will  be  weD 
to  Doto  :i  TiaTve-caution  enjoined  by  Vilmorin  in  his  work,  Le9  Plantet 

Pota<jtres.* 

"  Finally,"  he  says,  we  conclude  the  artich'  devoted  to  each  plant 
with  a  few  remarks  on  the  uses  to  which  it  may  be  applied  and  on  the 
part«  of  the  plants  which  arc  to  be  so  used.  In  many  cases  such  remarks 
may  1)0  looked  upon  as  idle  words,  and  yet  it  would  sometimes  have 
been  usetiil  to  have  tluMii  when  new  plants  were  cnltivated  by  us  for 
the  first  time.  For  instance,  the  "iiant  edible  burdoek  of  Japan  {Lappa 
(•(iuh's)  was  fnv  a  long  time  served  up  on  our  tables  ouiy  as  a  wretchwily 
)>oor  spinaeh,  be<^,iHse  people  wonld  eook  tlie  leaves,  whereas,  in  its 
native  country,  it  is  only  cultivated  for  its  tender  fleshy  root^." 

J  trnst  you  are  not  distMuiraged  at  tlus  outlook  tor  oui-  coming  vege- 
tabh's. 

Two  groups  of  impi()val)le  food-plants  may  bp  referred  to  bulure  we 
pass  to  the  next  class,  namely,  edible  fungi  and  ihe  beverage  plants. 
All  botanists  who  have  given  attention  to  the  matter  agree  with  the 
late  Dr.  Curtis  of  North  Carolina  that  we  have  in  the  unutilized  mush 
rooms  an  immense  amount ol  u\  ailable  nnii  iint  nt  of  a  delicious  qualitj'. 
It  is  not  improbable  that  other  fungi  than  our  common  "edible  mush- 
room^' will  by  and  ])y  be  subjected  to  a  careful  selection. 

The  principal  beverage-plants,  tea,  coffee  and  chocolate,  are  all 
attracting  the  assiduous  attention  of  cultivators.  The  first  of  these 
plants  is  extending  its  range  at  a  marvelous  rate  of  rapidity  through 
India  and  Ceylon ;  the  second  is  threatened  by  the  x)est8  which  have 
almost  exterminated  it  in  Ceylon,  but  a  new  species,  with  crosses  there- 
from, is  promising  to  resist  them  successfully;  the  third,  chocolate,  is 
every  year  {Missing  into  lands  farther  from  its  original  home.  To  these 
have  been  added  the  kola  (of  a  value  as  yet  not  wholly  determined), 
and  others  are  to  augment  the  short  list. 

*  Log.  cit.   Preface  iu  iilngluih  edition. 
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III. — FRl  ITS. 

BotanicaUy  fipeaking,  the  eereal  grains  of  which  we  have  spoken  are 
trne  fhiits,  that  is  to  aay,  are  ripened  ovaries,  bnt  for  all  practical  pur- 
poses they  may  be  regarded  as  seeds.  The  fruits,  of  which  mention  is 
now  to  be  made,  are  those  commonly  spoken  of  in  our  markets  as  fruits. 

First  of  all,  attention  must  be  called  to  the  extraordinaiy  changes  in 
the  commercial  relations  of  fruits  by  two  direct  causes: 

(1)  The  canning  industry,  and 

(2)  Swift  trans))ortation  by  steamers  and  railroads. 

The  ertects  of  these  two  agencies  arc  too  well  known  to  require  more 
than  this  passing  mention.  By  them  the  fruits  of  the  best  fruit-growing 
countries  are  curried  to  distant  lands  in  qnantities  which  surprise 
all  who  see  the  statistics  for  the  first  time.  The  ratio  of  ini  reuse  i8 
very  startling.  Take,  for  in^tMix  e,  tlic  n«;nres  «,nven  by  Mr.  Morris  at 
the  time  of  the  j^reat  Coloiuai  aud  Indian  Exhibition,  in  Ijondon.  Com- 
pare double  decades  of  years: 

1845   jC8«6,«88 

1865   3,185,98^1 

1885    7,5S7,523 

In  theCk>lonial  Exbibitiou  at  London,  in  1880,  fruits  from  the  remote 
colonies  were  exhi])ited  under  conditions  which  ]jroved  that,  before  long, 
it  may  be  possible  to  pUvce  such  delicacies  as  the  cherimoyer,  the  sweet- 
sop,  rambutan,  mango,  and  mangosteen  at  even  our  most  northern  sea- 
ports. FurtliernKU'e,  it  secims  to  me  likely  that  with  an  increase  in  om* 
knowledj^e  with  rejyanl  to  tlie  microbes  which  prodnce  decay,  we  may 
be  able  to  ])iotect  the  delicate  fruits  from  injury  for  iiiiy  reasonable 
perifxl,  Mctliods  which  will  sui>])leTii<'iif  iclVij^erati<m  arc  sure  to  come 
in  the  very  n«'ar  future,  so  tliat  ex  cu  iu  a  cDuntrv  so  vast  as  our  (»wri 
the  most  perisliahic  Iruits  will  be  transported  through  Oh  length  and 
breadth  witiiout  harm. 

The  i'anniujLf  industry  aud  swift  traaspoi  lation  arc  likely  to  diuiinisli 
zeal  in  vsearchiiifj  for  new  fruits,  since,  as  wc  have  seen  in  tlie  case  of 
the  cereals,  we  are  prone  to  move  in  lines  ot  least  resistance  and  leave 
well  enoujjh  alone. 

To  wliat  extent  are  our  jiresent  fruits  likely  to  l>e  improved?  Even 
those  who  have  watched  the  iiiipro\  t  iuent  in  the  i^uulit.v  4*f  some  of  our 
fruits,  like  oranges,  can  hardly  l  enhze  how  great  has  been  the  improve- 
ment within  historic  tinies  in  the  character  of  certain  pears,  apj)h»s,  and 
so  on. 

The  term  historic  is  used  advise<lly,  for  there  are  pre  historic  fruits 
which  might  serve  us  a  point  of  departure  in  the  consideration  of  the 
question.  In  the  ruins  of  the  lake  dwellings  in  Switzerland*  charred 

•  ♦TarV><it)i7»'<l  apjik's  hiivo  1»«'«'U  IouikI  :il  Waujjcn,  sonn'tiinrs  wholr.  8utiiutinici4 
cut  in  two,  or,  more  rjirely.  ijit»»  four  pii-i  e.s  ami  <•%  idt-ntly  Urieil  anil  j)ut  anidt?  lor 
winter  use.   -  -   -   Th<>y  arc  etmall  aud  geuemily  luacmblo  those  whieii  Htill  grow 
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apples  have  hovu  t'oimd,  wliicli  aro  in  sonic  rasc8  plainly  of  small  Kize, 
hardly  equalling  ordinary  cnib-apples.  But,  a8  J>r.  Sturtevaut  haa 
shown,  in  certain  din-ctioos  there  has  been  no  marked  change  of  type; 

the  elmnjre  is  in  quality. 

in  comparin^'^  tlie  earlier  descriptioTis  of  tiuits  with  modern  accounts 
it  is  well  to  remember  that  the  liigh  stajidards  by  which  fruits  are  now 
judged  are  of  recent  establisliment.  Fruits  which  would  once  have 
been  esteemed  excellent  would  to-day  be  passed  by  as  unworthy  of 
regard. 

Tt  seems  i)robable  that  the  list  ot  siM'dlcr^s  Iniits  will  be  materiallv 
lengthened,  provided  our  experimental  horticulturists  make  use  of 
material  at  their  conuiiand.  The  <*ommon  fniiti?  w  hi(  h  have  very  i*  w 
or  no  seeds  are  the  banana,  piuetapple,  atrd  certain  oranges.  Otfiers 
mentioned  by  Mr.  Darwin  as  well  known  are  the  breatl  IVnit,  ]>  >ine- 
granate,  azarole  or  Neai>olitan  medlar,  and  date  palms.  In  c*»niiiient- 
ing  upon  these  liuits,  Mr.  Dai  win*  says  that  most  liorlicuUui  ists  "look 
at  the  great  size  and  anomah)us  development  of  the  fruit  as  the  cause 
and  sterility  a,s  the  result,"  but  he  holds  the  opposite  view  ns  more 
probable;  that  is,  that  the  sterility,  coming  about  gradually,  h  aves  free 
for  other  growth  the  abundant  supply  of  building  material  which  the 
formiug  seed  would  otherwise  have.  He  admits  however  that  ^<  there 
is  an  antagonism  between  the  two  forms  of  reprodnction,  by  seeds  and 
by  buds,  when  either  is  carried  to  an  extreme  degree,  which  is  inde- 
pendent of  any  incipient  sterilily.'' 

Most  plant  hybrids  are  relatively  infertile,  but  by  no  means  wholly 
sterile.  With  this  sterility  there  is  generally  augmented  vegetative 
vigor,  as  shown  by  Nageli.  Partial  or  complete  sterility  and  corre- 
sponding luxuriance  of  root,  stem,  leaves,  and  flower  may  come  about 
in  other  obscure  ways,  and  such  eases  are  familiar  to  botani8t8.f  Now, 
it  seems  highly  probable  that  either  by  hybridising  directed  to  this 
special  end,  or  by  careful  selection  of  forms  indicating  this  tendency  to 
the  correlated  changes,  we  may  succeed  in  obtaining  important  addi- 
tions to  our  seedless  or  nearly  seedless  plants.  Whether  the  ultimate 
profit  would  be  large  enough  to  pay  for  the  time  and  labor  involved  is 
a  question  which  we  need  not  enter  into ;  there  appears  to  me  no  reason- 
able doubt  that  such  efforts  would  be  successrul.  There  is  no  reason 
in  the  nature  of  things  why  we  should  not  have  strawberries  without 
the  so-called  seeds,  blackberries  and  raspberries  with  only  delicious 
pulp,  and  large  grapes  as  free  from  seeds  as  the  small  ones  which  we 
call  "currants,^  but  which  are  really  grapes  from  Gorintb. 

wil«l  in  tlio  8wis!*  forests;  ut  Kobi-ubauhcu,  iniwever,  speciineim  have  iH-cnrrcd  which 
ate  of  larger  size  and  probably  caltiyiited.  No  trace  of  the  vine,  the  walnnt,  the 
oberry,  or  t)io  damHoti  ha«  yot  been  met  with,  but  atones  of  thn  wild  plum  and  the 

JVioii/ff  puihiH  have  Ih'cii  found.''    I^ubbock,  loc.  rit.,  ]».  217. 

•  Jtiimah  and  riants  under  IhnnettieathH  (Am.  Ed.),  vol.  II.  p. 2U5-2Uii. 
t Gray's  lioiunical  Tt-xt  Hook. 
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These  and  the  corelt'ss  apples  and  pears  o\'  riie  future,  the  stonoh'ss 
cberrics  aud  plums,  like  Uie  t^mmoii  tVuits  Itetore  montimied,  must  be 
propagated  by  bu<l  division,  and  be  open  to  the  tendency  to  dimin- 
ished strenjfth  said  to  be  the  eonsequence  of  continued  bud  propaga- 
tion. But  this  bridge  need  not  be  erossed  until  we  conie  to  it.  Bananas 
have  be<'n  perpetuat<»d  in  tins  way  for  many  eeiituries,  and  j>ineapples 
since  the  discovery  of  Ann  rica.  so  tluit  the  borrowed  trouble  alluded 
to  is  not  threatening.    First  we  must  (-atcli  our  seedU'Ss  fruits. 

Which  of  our  wild  fruits  are  prumisiug  subject^i  tor  selectiou  and  cul- 
tivation? 

Mr.  t'rozier,  of  Michigan,  has  ]M  iiiiid  out*  the  ilinction  in  wliich 
this  research  may  prove  most  jh  oh  table.  Ue  euumeratesi  mauy  of  oiu" 
small  ti  uits  and  nuts  which  can  be  iniproved. 

Anuliier  of  our  most  <*areful  and  successful  horticulturists  believes 
that  the  connnon  hlucbmy  and  its  allies  arc  vtiry  .suitable  for  this 
jmrpose  and  otter  innnl  material  for  experin>enting.  The  sugar-plum, 
or  so-called  sha<M>ii>h,  has  been  improved  in  many  particulars,  and 
others  can  be  ailtled  to  tills  list. 

But  again  we  turn  very  naturally  to  Japan,  the  country  fnmi  which 
our  gardens  have  received  many  treasures.  Referring  once  more  to 
Pi'of.  Georgeson\s  studies,t  we  must  mention  the  varieties  of  Japanese 
apples,  pears,  jMiaches,  i)lums,  cherries  and  persimmous.  The  persim- 
mons are  already  well  knowu  in  some  parts  of  onr  conntry  under  the 
iiftme<<  kaki,'*  and  they  will  doabtleas  make  rapid  progress iu  popular 
favor. 

The  following  are  less  fomiliar: 

Aetinidia  arguta  and  rolubiliSf  with  delieioas  berries; 

^tannt&nia^  an  evergreen  vine  yielding  a  palatable  fruit; 

Mffriea  ritbraj  a  small  tree  with  an  acidulons  juicy  fruit; 

Bkeagnm  umbeUata,  with  berries  for  preserves. 

The  active  and  discriminating  horticultural  journals  in  America  and 
Kiirope  are  alive  to  the  possibilities  of  new  Japanese  fhtits,  and  it  can 
not  be  very  long  before  our  list  is  considerably  increased. 

It  is  absolutely  necessary  to  recollect  that  iu  most  cases  variations 
are  slight.  Dr.  Masters  and  Mr.  Darwin  have  called  attention  to  this 
and  have  adduced  many  illustrations,  all  of  whieh  show  the  necessity 
of  extreme  patience  and  caution.  The  general  student  curious  in  such 
matters  can  have  hardly  any  task  more  instructive  than  the  detection 
of  the  variations  in  such  ct>mmou  plants  as  the  blueberry,  the  wild 
cherry,  or  the  lik(\  It  is  an  excellent  i)rei)aration  for  a  pnicttcal  study 
of  the  variations  in  (uir  wild  fruits  suitable  for  selection. 

It  was  held  by  the  late  Dr.  Gray  that  the  variations  iu  nature  by 
which  species  have  been  evolved  were  led  along  useful  lines,  a  view 

*Amvr'uan  fiarden,  N.  Y.  1890-'91. 
iAnuriea»  Garaettt  N.  Y.  1891. 
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which  Mr.  Darwin  regretted  he  could  not  entertain.  However  this  may 
be,  all  iU!knowledge  tliat  by  th<^  hand  of  the  coltivator  variations  can 
be  led  along  useiul  Hues;  and  forthermore  the  hand  which  aelecta  mnst 
uphold  them  in  their  unequal  strife.  In  other  words,  it  is  one  thing  to 
Rclect  a  variety  and  another  to  assist  it  in  maintaining  its  hold  tt|M>n 
existence.  Without  the  constant  help  of  the  cultivator  who  selects  the 
useful  variety,  there  comes  a  reversion  to  the  ordinary  specific  type 
which  is  fitted  to  cope  with  its  surronndings. 

I  think  you  can  agree  with  me  that  the  prospect  for  new  fimits  and 
for  improvements  in  our  established  favorites  is  fairly  good. 

IT. — ^TIMBERS  AND  CABINET  WOODS. 

Can  we  look  for  new  timbers  and  cabinet  woods  t  Comparatively  few 
of  those  in  common  use  are  of  recent  introduction.  Attempts  have  been 
made  to  bring  into  great  prominence  some  of  the  excellent  trees  of  India 
and  Australia  which  furnish  wood  of  much  beauty  and  timber  of  the 
best  quality.  A  large  ])r(>portion  of  all  the  timbers  of  the  8outh  Seas 
are  characterized  by  remarkable  firmness  of  texture  and  high  specific 
gravity.*  The  same  is  noticed  in  many  of  the  woods  of  the  Indies. 
A  few  of  the  heavier  and  denser  sorts,  like  jarrah,  of  West  AnstraJia, 
and  sabicu«  of  the  Caribbean  Islands,  have  met  with  deserved  favor  in 
England,  but  the  cost  of  transportation  militates  against  them.  It  is 
a  fair  question  whether,  in  certain  parts  of  our  country,  these  trees  and 
others  which  can  be  utilized  for  veneers  may  not  be  cultivated  to  ad< 
vantage.  Attention  should  be  again  called  to  the  fact  that  many 
plants  succeed  far  better  in  localities  which  are  remote  from  their 
origin,  bnt  wliere  tliey  find  conditions  substantially  like  those  which 
they  have  left.  This  fact,  to  which  we  must  again  r<f!er  in  detail  with 
regard  to  ( ci  t  aiu  other  classes  of  plants,  may  bave  some  bearing  upon 
th«  introilnctioii  of  new  timber  trees.  Certain  drawbacks  exist  with 
regard  to  the  timber  of  some  of  the  more  rapitUy  growing  hard-wo«)d 
trees  which  have  prevented  their  taking  a  high  place  in  the  scale  of 
values  in  mechauieal  englTieering. 

One  of  the  most  nseful  soft-wooded  trees  in  the  world  is  the  kanri. 
It  is  restricted  in  its  range  to  a  comparatively  small  area  in  the  North 
Island  of  New  Zealand,  It  is  now  being  cnt  down  with  a  recklcssnci^ 
wliif  li  is  us  prodigal  and  shameful  as  that  wliicli  lins  marked  our  own 
treat MM'jit  of  forests  here.  Jt  should  be  said  liowevt  r  that  this  de- 
stiiutiun  is  under  protest,  in  spite  of  which  it  wouUl  se<'in  to  be  A 
<jucstif>n  (»f  only  a  >  cars  whvn  the  trrcat  kaiii  i  groves  of  New  Zea 
land  w  ill  Ite  a  ihin^'  of  the  past.  Our  cnrr'jf't ic  forest  department  has 
on  its  hands  problems  just  like  this  w  Im  ii  perplexes  one  of  the  new 
lands  oi  tin-  south.  The  task  in  both  cases  is  double,  to  preaerve  the 
old  treasures  and  to  bring  in  new. 

"  rw/nt  ^'aiir9  Plants  of  AMHU  alia,  hy  J.  H.  Maiilea^  Sydney. 
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The  euergy  shown  by  Baron  von  Mueller,  the  renowned  CK)vernmcnt 
botanist  of  Yietoria,  and  by  yarious  foiest  departments,  in  encourag- 
ing the  caltivation  of  timber  trees  will  assuredly  meet  with  success; 
one  can  hardly  hope  that  this  success  will  appear  folly  demonstrated 
in  the  lifetime  of  those  now  living,  bnt  I  can  not  think  that  many  years 
will  pass  before  the  promoters  of  such  enterprises  may  take  fresh 
courage. 

In  a  modest  structure  in  the  city  of  Sidney,  New  South  Wales,  Mr. 
Maiden*  has  brought  together,  under  great  difficulties,  a  large  collec- 
tion of  the  usefol  products  of  the  vegetable  kingdom  as  represented 
in  Australia.  It  is  impossible  to  look  at  the  collection  of  woods  in  that 
museum  or  at  the  similar  and  more  showy  one  in  Eew,  without  believ- 
ing that  the  field  of  forest  culture  must  receive  rich  material  from  the 
Southern  Hemisphere. 

Before  leaving  this  part  of  our  subject,  it  may  bo  well  to  take  some 
illustratious  iu  passing,  to  show  how  important  is  the  intiuence  exerted 
uiK)n  the  utilization  of  vegetable  products  by  causes  which  may  at  first 
strike  one  as  being  rather  remote: 

(1)  Photof^rapliy  makes  use  of  the  effect  of  li^ht  on  ehroniatized 
gelatin  to  produce  under  a  negfative  the  l>;isis  of  relief  plates  for  en- 
graving?. The  de^fiee  of  excellence  reai-licil  in  modificatiuns  of  this 
Kiniplc  device  Inis  <listinctly  threatened  the  very  existence  of  wood  en- 
gniviiiu^  and  liciu'c  follows  a  diminished  degree  of  interest  in  box- 
wood and  its  suhsiitutes. 

(2)  Iron,  and  in  its  turn  steel,  is  used  in  shipbuilding;,  ;in(!  this  irt> 
ders  of  greatly  diminished  interest  all  questions  which  concern  the 
choice  of  ditfei  eid  oaks,  and  similar  woods. 

(3)  V)\\t  on  tlu'  otlitT  hand  there  is  increased  :K'tivity  in  reitain  di- 
rectiuiis,  best  illustratini  by  thv  extraordinary  developnit  nt  of  the 
chemical  methods  for  manufiicturin^  wood  pulp.  By  the  improved 
processes,  strong  libers  suilJible  for  line  felting  on  the  ocreeu  and  Ht 
for  the  best  jrraxlesof  certain  lines  of  pajier  are  jj^iven  to  us  from  rallier 
inferior  sorts  of  wood,  lie  would  be  u  rash  jirophet  who  siioiild  venture 
to  predict  what  will  be  the  future  of  this  wonderful  industry,  but  it  is 
plain  that  the  time  is  not  far  distant  when  acres  now  worthless  may  be 
covered  by  trees  under  cultivation,  growing  for  the  pulj) maker. 

There  is  no  department  of  economic  botany  more  promising  in  im- 
mediate results  than  that  of  arboriculture. 

V. — ^VBGETABLE  FIBBRS. 

The  vegetable  libei  s  known  to  coinimn'e  are  either  plant  hairs,  ot 
which  we  take  cott<Mi  as  the  type,  or  filantents  of  bast-tis.sue,  repre- 
sented by  flax.  No  new  jdant  hairs  liav*-  been  sugj^ested  which  ran 
compete  iu  any  way  for  ^piuniug  with  those  yielded  by  the  species  of 

*  U^fut  Xative  J'/<ial«  of  Awiralki. 
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gossypinni,  or  t!<>ttoii,  but  experimeuts  inor<*  or  less  systematic  and 
thoroiif^b  are  being  cariied  on  with  regard  to  the  iniprovenieut  of  the 
varieties  of  the  species.  Tlaut  hairs  for  the  stuffing  of  cushions  and 
pillows  need  not  be  rcfnrred  to  in  coiniection  wif  li  tliis  subject. 

Countless  sorts  of  plants  have  been  sii;::gestcd  as  sources  of  ;rood 
bast- tibcrs  for  spinning  and  for  cord;i'ji\  and  many  of  thesi' niakr  f;!pital 
substitutes  for  those  already  iii  the  laclories,  but  the  <piestions(»f  <  iieap- 
ness  of  production^  and  of  subsequent  preparation  for  use,  have  tlius  far 
militated  airainst  success.  Theie  may  be  much  ditt'erence  betwe«Mi  tlie 
proiit  s  )*:  i>mis('d  l)y  a  laboratory  ex[>erimeut  and  those  resulting  from 
the  same  process  conducted  on  a  coniiiicrcial  scale.  The  existence  of 
sucli  diiVerciicc  lias  been  the  rock  on  wluch  many  enterprises  seeking  to 
introduce  new  libci  s  have  been  wrecked. 

In  <lisiiiissing  this  poiJion  of  our  subject,  it  may  be  said  that  a  pi  or- 
ess  for  separating  line  libers  from  undesirable  structural  elements,  and 
from  resin-like  substances  which  accompany  tiiem,  is  a  great  desidera- 
tum. If  this  were  supplied  many  new^  species  would  assume  gre^it 
prominence  at  ouce. 

YI.--'TAIININa  MATERIALS. 

What  new  tanninu  Tuaterials  can  be  contidentlv  sought  forT  In  his 
I'se/Kl  Xatire  T^hmfs  of  AKsfnilia,  Mr.  Maiden  describes  t»ver  thirty 
species  of  \^'at tics  "  i)r  Acacias,  and  about  half  as  many  Eucalvpts, 
which  have  been  examined  for  the  amount  of  tanning  material  <  oiiTaiyed 
in  the  bark.  In  all,  eighty  seven  Australian  s])ecics  lia\  c  been  under 
examination.  Besides  this,  much  has  been  done  looking  in  the  same 
direction,  at  the  suggestion  and  under  the  direction  of  liaron  von 
Mueller,  of  Victoria.  This  serves  to  indicate  how  great  is  the  interest  in 
this  subject  and  how  wide  is  the  field  iu  our  own  country  for  the  intro- 
duction of  new  tanning  plants. 

It  seems  highly  probable  however  that  artificial  tanning  substances 
wiU  at  no  distant  dajr  replace  the  crude  matters  now  employed. 

yil.— BESINS,  ETC. 

Resins,  oils,  gums, and  medicines  from  tlie  vegetable  kingdom  \\ould 
next  engage  our  attention  if  they  did  n(»t  sceni  rather  too  teclniical  for 
this  occasion  and  to  possess  an  interest  on  the  whole  somew  hat  too 
limited,  but  an  allied  substance  may  serve  to  rei)resent  this  cla^  of 
products  and  indicate  the  drift  of  present  research. 

India  Rubber.* — f^nder  this  term  are  included  mnnerous  substiuiees 
which  possess  a  physical  and  chenucal  resemblance  to  each  other.  An 
Indian  FicnSf  the  early  source  of  su}>ply,  soon  became  inadequate  to 
furnish  the  quantity  used  in  the  arts  even  when  the  manipulation  of 
rubber  was  almoHt  unknown.   Ijater,  fiu]>j)lies  came  iVom  Hevea  of 

*  J.  K.  Jacksou,  Commercial  Botanp  of  the  Xineteentk  Ceittwf. 
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Brazil,  ^oiierally  known  ;ih  Para  rubber,  iiud  fi oin  CaHtillon,  souietimes 
called  Central  American  Kubber,  and  from  Matiihot  Glaziorii  Ceara 
rabber«  Kot  011I7  are  these  plants  now  snoceHsfuIly  cultivated  in  ex- 
periniental  gardens  in  the  tropi*  s,  but  many  other  rubber-yielding 
species  have  been  added  to  the  list.  The  Landolphias  are  among  the 
most  promising  of  the  whole:  these  are  the  African  rubbers.  N^ow  in 
addition  to  these  wluch  are  the  eliief  source  of  supply,  we  have  ir<7- 
Ivghbeia^  from  the  Malayan  Peninsula,  Lenconotiit,  ChilocarpuH^  AbUt- 
via,  Forf^fcrojiia.nud  a  species  of  a  geinus  formerly  known  as  Vrost'Kjmn^ 
but  now  uint»'<l  with  Ficii.s.  These  names,  whi<-}t  have  littU'  si^Miiti 
cance  as  tiiey  are  here  ])n)iiouiieed  in  passing,  are  jriven  now  merely  to 
impress  upon  our  ininds  the  lact  that  the  sonnies  of  a  single  eoninier 
cial  article  may  be  exceedin^'^ly  diverse.  Tuder  these  eireumstauees 
search  is  being  made  not  only  for  the  bast  varieties  of  these  species 
but  for  new  species  as  well. 

There  are  few  excursions  in  the  tiopicts  which  pwsse>>  greater  inter- 
est to  a  botanist  who  tares  for  tin-  nHlustrinl  aspe<  ts  ol  phnits  than  the 
walks  tlirou^^h  the  gardens  at  Huitcnzurg  in  Java  and  at  Sin)4ai»c)re. 
At  both  these  stations  the  experimental  gardens  lie  at  some  distance 
from  the  great  gardens  win*  h  the  tourist  is  ex]>ected  to  visit,  but  the 
exertion  well  rejiays  him  for  all  dis<'omfort.  I  'nder  the  almost  vertical 
rays  of  the  sun,  are  here  gathered  the  rubber-yielding  plants  from  dif 
ferent  countries,  all  growing  under  conditions  favorable  for  decisions 
as  to  their  relative  value.  At  Buitenzorg  a  well-e(| nipped  laboratory 
stands  ready  to  answer  practical  questions  as  to  quality  and  compo- 
sition of  their  products,  and  year  hy  year  the  search  extends. 

I  mention  this  not  as  an  isolated  example  of  what  is  being  accom- 
plished in  commercial  botany,  but  as  a  fair  illustration  of  the  thor- 
oughness with  which  the  problems  are  being  attacked.  It  should  be 
ftirther  stated  that  at  the  garden  in  question  assiduous  students  of  the 
subject  are  eagerly  welcomed  and  are  provided  with  all  needed  appli- 
ances for  canying  on  technical,  chemical,  and  pharmaceutictil  investi- 
gations. Therefore  I  am  justified  in  saying  that  there  is  every  reason 
for  believing  that  in  the  very  near  iiiture  new  sources  of  our  most  im- 
portant products  will  be  opened  up  and  new  areas  placed  under  sue* 
oessftd  cultivation. 

At  this  point  attention  must  be  called  to  a  very  modest  and  con- 
venient handbook  on  the  Commercial  Botany  of  the  Kineteenth  Cen- 
tury by  Mr.  Ja(  kson  of  the  Botanical  Museum  attached  to  the  Boyal 
Gardens,  Kew,  which  not  only  embodies  a  great  amount  of  well<arranged 
information  relative  to  the  new  useful  ])lants,  but  is  at  the  same  time 
a  record  of  the  existing  state  of  things  iu  all  these  departments  of 
activity. 
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VUI.— FRAGEAlfT  PLANTS. 

Another  illnstratioii  of  oar  subject  migbt  be  drawn  from  a  dam  of 
plants  which  repaya  close  study  from  a  biologioal  point  of  view,  namely, 
those  wliicli  yield  perfumes. 

In  8i>eakiiijr  of  the  future  of  our  fragrant  plants  we  must  distiufruish 
between  those  of  comnn'rcial  value  and  those  of  purely  horticultural 
interest.  The  former'will  be  less  and  less  cultivated  in  proportiou  as 
synthetic  chemistry  by  its  manufacture  of  perfruoes  replaces  the  natu- 
ral by  the  artificial  produc  ts,  for  example,  conmarin,  Tanil]i%  neroliD, 
heliotroi)in,  and  even  oil  of  wintergreen. 

But  do  not  understand  nie  as  intimating  that  clieniistry  can  ever 
furnish  snbstitntcs  for  living!-  fraui  ant  plants.  Onr  *r;ir(k'ns  will  always 
b«^  swt'etcned  l)y  them,  and  the  possibilities  in  tliis  direction  will  con- 
tinuf  to  cxtrnd  both  by  contributions  from  al)road  and  by  improve- 
ment in  our  present  cultivated  varieties.  Among  the  ioreign  acquisi- 
tions tlu'i  c  ai'c  tlic  iVagranI  species  oi' A'ridrojmffon.  Who  would  susjioct 
that  the  tiojjieal  vclatives  of  our  sand-loving  grasses  are  of  high  com- 
meri-ial  vabu'  as  sources  of  i)erfumery  oils? 

Tin*  utility  to  tlie  plant  of  tragrance  in  the  tiower  and  the  relation  of 
this  to  cross  fertilization,  are  apjiarent  to  even  a  casual  observer.  Hut 
the  fragrance  of  an  aromatic  leaf  does  not  always  give  us  the  reason 
for  its  being. 

It  has  been  suggeste<l  for  certain  cases  that  the  volatile  oils  escaping 
from  the  plantf<  in  question  may,  by  absorption,  exert  a  direct  influence 
in  mitigating  the  lierc<mess  of  action  of  the  sun\s  rays.  Other  explana- 
tions have  also  been  made,  mtme  of  which  are  even  more  fanciful  than 
the  last. 

When  however  one  has  seen  that  the  aromatic  plants  of  Australia 
are  almost  free  from  attacks  of  insects  and  fhugi,  and  has  learned  to 
look  on  the  impregnating  substances  in  some  cases  as  protective  against 
predatory  insects  and  small  foes  of  all  kinds,  and  in  others  as  fungi- 
cidal, he  is  tempted  to  ask  whether  all  the  substances  of  marked  odor 
which  we  find  in  certain  groups  of  plants  may  not  play  a  similar  r61e. 

It  is  a  fact  of  great  interest  to  the  surgeon  that  in  many  plants  there 
i»  associated  with  the  fragrant  priudple  a  marked  antiseptie  or  fungi- 
cidal quality;  conspicuous  examples  of  this  are  afforded  by  species  of 
Evcalyptm^  yielding  eucalyptol,  htyrax^  yielding  styrone,  Tk^uB  yield- 
ing thymol*  It  is  interesting  to  note  \m  that  some  «f  these  most 
modem  antiseptics  were  important  constituents  in  the  balsamic  vul- 
neraries  of  the  earliest  surgery. 

IX. — FLOKIfcSTS'  PLANm 

Floristts'  plants  and  the  floral  fashions  of  the  ftiture  constitute  an  en- 
gaging subject  which  we  can  touch  only  lightly.  It  is  reasonably  clear 
that  while  the  old  favorite  species  will  hold  their  ground  in  the  ^vam 
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of  improved  varieties,  tiie  new  ItitrodiictionB  inll  come  in  tbe  shape  of 
plants  with  flowering  branoheB  whieli  retain  their  blossoms  for  a  some* 
what  long  period,  and  espeoially  those  in  which  the  flowers  precede  the 
leaves.  In  short  the  next  real  Itehion  in  our  gardens  is  probably  to  be 
the  flowering  shurb  and  flowering  tree,  like  those  which  are  each  &vor- 
ites  in  the  country  from  which  the  Western  worid  has  gladly  taken  the 
gi  ft  0 f  the  chrysanthemom.* 

Twice  each  year  of  late  a  reception  has  been  held  by  the  £mperor 
and  Empress  of  Japan.  The  receptions  are  in  autumn  and  in  the 
spring.  That  in  the  autumn,  popularly  know  as  the  Emperor's  recep* 
tion,  hasforitsfloraldecorationsthemjrriadfbrmsof  the  national  tlower, 
the  chrysanthemum;  that  which  is  given  in  spring,  the  Empress's  recep- 
tion, comes  when  the  cheriy  blossoms  are  at  theix  best.  One  has  little 
idea  of  the  wealth  of  beauty  in  masses  of  flowering  shurbs  and  trees, 
until  he  has  seen  the  floral  displays  in  the  Imperial  Gardens  and  the 
Temple  grounds  in  Tokio. 

To  Japant  and  China  also  we  are  indebted  for  many  of  the  choicest 
plants  of  our  gardens,  but  The  sujjply  of  species  is  by  no  means  ex- 
hausted. By  far  tlie  laiger  miTiihcr  of  tiie  desirable  plants  have  al- 
reiidy  found  their  way  into  ilit  hands  of  cultivntMrs,  but  often  under 
conditinns  which  have  restricted  their  disseminaUon  tln  ongh  the  flower- 
loving  eomumnity.  There  are  many  which  ought  to  be  widely  known, 
especially  the  fascinating  dwarf  slirubs  and  dwarf  trees  of  the  far  East^ 
^hiuh  are  sure  to  hud  sooner  or  later  a  warm  welcome  among  us. 

X. — FOBAtxE  PI.ANTS. 

Next  to  the  food  plants  for  man,  there  is  no  single  class  of  commer- 
cial plants  of  greater  interest  than  the  food-plants  for  flocks  and  herds. 
Forage  plants,  wild  and  cultivated,  are  among  the  most  important  and 
highly  valued  resources  of  vast  areas.  ISo  single  question  is  of  more 
vital  consequence  to  our  farthest  West  and  Southwest* 

It  BO  happens  that  the  plants  on  which  the  pastoralist  relies  grow 
or  are  grown  on  soil  of  inferior  value  to  the  agrienltorist.  Even  soil 
which  is  almost  sterile  may  possess  vegetation  on  which  flocks  and 
herds  may  graze,  and  fiirther,  these  animals  may  thrive  in  districts 
where  the  vegetation  appears  at  first  sight  too  scanty  or  too  forbidding 
even,  to  support  life.  There  are  immense  districts  in  parts  of  the  Aus- 
tralian continent  where  flocks  are  kept  on  plants  so  dry  and  desert- 

*  Jiff  Flotcrrx  of  Japan  and  the  Art  of  Floral  Arranyement.  I5v  .Tosiab  f'ouiler. 
y.  R.  I.  n.  A.,  A.rcliittict  to  the  imperial  Japaueae  Gowrniueut.  Yokohauin,  1801. 
See  also  two  otb»r  works  by  the  aame  author:  Theory  of  Japanue  Flomr-aminjfC' 
ffteatoy  and  Art  of  LaniUeape-garieiiii^  in  Jopan,  (1886.) 

H.  Mis,  BH,  pt  1  a 
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like  that  an  inoxperienceil  person  would  pass  tliem  by  as  not  fit  for 
his  sheep;  and  yet,  as  Mr.  Saiuucl  Dixon*  has  well  shown,  these  plants 
are  of  high  nutritive  value  and  are  attractive  to  Hocks. 

Kelegatiug  to  the  foot-uotes,  brief  descriptions  of  a  few  of  the  fodder 
))lants  suggested  for  use  in  dry  districts,  I  shall  now  mention  the  salt 
bushes  of  various  sorts,  and  the  a]lie<l  desert  ])laiits  of  Australia  as 
worth  a  careful  trial  on  some  of  our  very  dry  regions  in  the  farthest 
we«t.  Tliere  are  mimerous  other  excellent  fodder  plant'<  adapted  to  dry 
but  not  i)ar»  lied  areas  which  can  be  brought  in  from  the  coiTesxH>ndiiig 
districti4  of  the  southern  hemisphere  and  from  the  East. 

At  an  earlier  stage  of  this  address,!  I  have  had  occasion  to  reter  to 
Baron  Von  Mneller,  whose  efforts  looking  towards  the  introduction  oi 
uijetui  phint  s  into  Australasia  have  been  aided  largely  by  his  convenient 
treatise  on  economic  plants.  It  may  be  said  in  connection  with  the 
fodder  plants,  especially,  that  much  which  the  Baron  has  written  can 
be  applied  mutatis  mutandis  to  i)arts  of  oiu  own  country. 

Thciinportantsubject  of  introducing^  fodder  idauts  has  been  jmrposely 
reserved  tu  the  last  because  it  permits  us  to  examine  a  practical  ]H)'mi 
of  great  interest.  This  is  the  caution  which  it  is  thought  necessary 
to  exercise  when  a  species  is  transferred  by  our  own  choice  fit>m  one 
country  to  another.  I  say,  by  oar  choice,  for  whether  we  wish  it  or  not 
certain  plants  will  introduce  thenuieives.  In  these  days  of  frequent 
and  intimate  iuter-commnnication  between  different  countries  the  exdu- 
sion  of  foreign  plants  is  simply  impossible.  Our  common  weeds  are 
striking  illustrations  of  the  readiness  with  which  plants  of  one  country 

"Mr.  Samuel  Dixon'M  list  is  in  vol.  vni  (for  lSKl-8r>)  of  tho  Transact  ion »  and  Pro- 
ceedings and  Jieport  of  the  Jiu^al  i^oriiiy  of  JSouth  Jutthada.  Ade]iiid«*,  Ci.  Holirrtson. 
I{j86.  Jiur$artu  »jpinom,  "u  good  Btand-by,*' after  the  grasses  diy  up.  PoinaderriM 
rwmoMf  "  atands  atoeking  -wall.^'  nuotpwim  pliyUatr^dett  '*  sbeep  exceedinglj 
puthdto  it«  foliage. Cmuarina  quadriralrisy  " f ciHlfnu  s.s  of  fil)«  r.  woo]  wonld  ba 
reptt'souted  by  it  in  our  fiutn-  woo]  districts."  Jituid.s,  Tin-  \\';ittl»  .s;  "  vuluo  as  an 
astriugeut,  very  gn  at Ix  iug  fuiative  ol  u  uialrtilv  ol'lm  (-iiiscd  hy  ••.■itiiii;  fnirvn 
gratis.  Acacia  aneara  ^uiulga);  "must  be  very  uutritioii8  lo  ail  aiiitualM  eating  it." 
Tbia  ia  tha  plant  which  ia  Bvch  a  tenor  to  the  atockmeii  wbo  have  to  ride  through 
the  "  Bcrub. "  Cawie,  aome  of  the  apeeiea  with  good  poda  and  leavea  for  abeep.  Tbe 
foregoing  are  found  in  districts  Avhirh  are  not  "wholly  ari<l.  Thv  following  are  more 
properly  "<lry  "  jilnnts.  ."^ida  pr'rnjihifa.  '"as  much  liked  l>y  slutp  .is  In- nKirMtipinl*^.  " 
Uodonaca  riscosa,  iSative  Hop-busli;  *'  likes  warm,  red.  sandy  gionnd.  "  Lj/num  an*- 
tnh,  'Mlrougbt  never  aeema  to  affect  it. "  Eoehia  aphylla:  All  kinds  of  etock  axe 
often  largely  dependent  on  it  daring  protracted  drongbta. "  Bhagedia  paraboiicn : 
"Produces  a  jj;oo«l  deal  of  foliage,"'  AtripUx  trvicaria:  "  Can  be  i(.i<li]y  i:rt>wil 
wherever  tlu'diniatr  isnot  to(»  \^»  f.'  I  liav«'transfene<lonlv  tho'-i- >vlii.  Ii  Mi.  l»ixon 
tbinks  iiiosit  woiib^  of  trial.  Coinjiai  «•  also  Vv.  Vasey's  valuable  studies  t-i  t  ho  j>laat« 
of  our  dry  lauds,  especially  (  irasses  aud  lorage  plauJs  (1878),  Grju»8C8  of  tin-  arid  ilis- 
tricta  of  Kanaaa,  Nebmaka,  and  Colorado  (1886),  Grasses  of  the  South  (1887). 

1 8ee  Ibot-note  »t  pagea  S17|  618. 
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make  fof  themselves  a  home  in  another.  *  All  but  two  of  the  promiueut 
weeds  of  the  Eastern  States  are  foreign  intruders. 

There  are  all  grades  of  persistence  in  these  inunigrants.  K^ear  the 
ballast  groonds  of  every  harbor,  or  the  fields  close  by  woolen  and  pai)er 
mills  where  foreign  stock  is  nsed,  yon  will  observe  many  foreign  plants 
which  have  been  introduced  by  seed.  For  many  of  these  you  will 
search  in  vain  a  second  year.  A  few  others  persist  for  a  year  or  two 
longer,  bnt  with  uncertain  tenure  of  the  land  which  they  have  invaded; 
others  still  have  come  to  stay.  But  happily  some  of  the  intruders  which 
seem  at  first  to  gain  a  firm  foothold,  lose  their  ground  after  a  while. 
We  have  a  conspicuous  example  of  this  in  a  hawk- weed,  which  was  very 
threatening  in  New  England  two  years  ago,  but  is  now  relaxing  Itsbold. 

Another  illustration  is  afforded  by  a  water  plant  which  we  have 
given  to  the  Old  World.  This  plant,  called  in  our  botanies  An<tehari9^ 
or  Ehdea^  is  bo  far  as  1  am  aware  not  troublesome  in  our  ponds  and 
water  ways,  but  when  it  was  carried  to  England,  perhaps  as  a  plant 
tot  the  aquarium,  it  was  thrown  into  (Streams  and  rivers  with  a  free 
hand.  It  s]ircad  with  remarkable  rapidity  and  Ix  i  amesuch  an  unmit- 
igated  nuisance  that  it  was  called  a  curse.  Efi'orts  to  extirpate  it 
merely  increased  its  rate  of  growth.  lt.s  days  of  mischief  are  how- 
ever nearly  over,  or  seem  to  be  drawing  to  a  close,  at  least  so  Mr. 
Lynrh,  of  the  Botanit*  Garden  in  Cambridge.  England,  and  others  of 
my  informants  think.  The  history  of  the  plant  sbows  thai  even  under 
conditions  which  so  far  as  we  can  see,  are  identical  with  those  under 
which  the  plant  grew  in  its  home,  it  may  for  a  time  take  a  &esh  lease 
of  life  and  thrive  with  an  undreamed  of  energy. 

What  did  Anavhin  iR  find  in  tlio  wat<'rs  of  Eii^rlainl  and  the  continent 
t  hat  it  did  not  have  at  home,  and  why  should  its  energy  begin  to  wane 
now  ? 

In  Australasia  one  of  the  most  striking  of  these  intruders  is  sweet- 
briar.  Introduced  as  a  hi-ilgc  plant  it  has  run  (»ver  certain  lands  like 
a  weed,  and  disputes  every  acre  oi  .some  arable  plats.  From  the  fa- 
cility with  which  it  is  propugatiHl,  it  is  sflniost  ineradicable.  There  is 
soiiK'thing  astonn<liii<;  in  the  manner  in  which  it  gains  and  holds  its 
ground.  UoiiHiand  Ifianibh  s  and  thistles  are  troublesome  in  some 
localities,  jind  they  i)rovc  much  less  »'asy  t<»  control  than  in  I'lurope. 
The  cll'cct  I  nod  need  on  the  nund  of  the  (■ok)nist  by  these  inliuding 
pests  is  everywhere  the  same.  Whenever  in  an  examination  of  the 
])lants  likely  t<»  be  worthy  of  trial  in  our  American  dry  lands  the  sub- 
ject wa.s  mentioned  by  me  to  Australians,  I  was  always  enjoined  to  bo 

*TTm  weeds  of  (iennan  gurdeiiA  and  agricnUiiral  tantlK  are  montly  from  IMt-diterra- 
noan  r«jri"nR,  bnt  the  invMxions  in  tfio  uiiriihivatrd  iUsiri<  f  >  nr^  rhit-riy  lrmn  Aiiiorica 
(Htich  iwOt  nothtrra,  Mimuiuu,  Jiudhvrkia).  U&udhnch  dm  rjlansenffeographie,  yoixDr, 
Oecar  Drudc  (btutt^artj,  l^iK),  p.  97. 
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cautious  as  to  what  plants  I  might  suggest  for  iutroductiou  from  their 
eouutry  into  our  owu.  My  good  Meuds  iiiBisted  that  it  was  bad 
enough  to  have  as  pests  the  plants  whidi  oomein  witboat  oar  planning 
or  choice^  and  this  caution  seems  to  me  one  which  should  not  be 
forgotten. 

It  would  take  as  too  far  from  oar  path  to  inqoire  what  ean  be  the 
possible  reasons  for  snch  increase  of  vigor  and  fertility  in  plants  which 
are  transferred  to  a  new  home.  We  shonld  have  to  examine  all  the 
suggestions  which  have  been  made,  such  as  fresh  soil,  new  skies, 
more  efficient  animal  friends  or  less  destructive  enemies.  We  should 
be  obliged  also  to  see  whether  the  possible  wearing  out  of  the  energy 
of  some  of  these  plants  after  a  time  might  not  be  attributable  to  the 
decadence  of  vigor  through  aninterrnpted  bad  propagation,  and  we 
should  have  to  allude  to  many  other  questions  allied  to  these.  But  for 
this  time  fails. 

Lack  of  time  also  renders  it  impossible  to  deal  with  the  questions 
which  attach  themselves  to  our  main  question,  especially  as  to  the 
limits  of  eftect  which  cultivation  may  produce.  We  can  not  touch  the 
problem  of  inheritance  of  acquired  i^ecaliarities^  or  the  manuer  in  which 
cnltivatiou  predisposes  the  plant  to  innumerable  modifications.  Two 
of  these  modifications  may  be  mentioned  in  passing,  because  thef  serve 
to  exemplify  the  practical  character  of  our  subject. 

Cultivation  brings  aTK>ut  in  plants  very  curious  morphological 
changes.  For  example,  in  the  case  of  a  well  known  vegetable,  the  num 
her  of  metanioqibosed  type  leaves  fj>rming  the  ovary  is  two,  and  yet 
under  cultivation  the  ininibcr  increases  irrofrnlarly  until  the  full  num- 
ber of  units  in  tlie  type  of  the  flower  is  reached.  Prof.  Bailey,  of  Cor- 
nell, lias  called  attention  t<>  some  further  interesting  chanj^es  in  the 
towiatn,  hut  the  one  nicntioned  sntllces  to  ilhistrate  the  direction  of 
variation  which  jdants  under  enltivution  are  a])t  tn  t:ike.  Monstrosi- 
ties are  very  apt  to  occur  in  cultivated  plants,  and  under  certain  condi- 
tions may  lie  per|)ei uaie(i  in  sncceiMlin;;  ^eneratious,  thus  wideoiug  the 
lield  from  which  utili/ahlc  jJants  may  he  taken. 

Another  case  of  change  jU'oduced  by  cultivation  is  likewise  as  yet 
wholly  unexplained,  although  mu4'h  studieti,  namely,  the  mutual  inter- 
action of  scion  an<l  stock  in  grafting,  budding,  and  the  like.  It  is 
prohiihh- that  a  turtlier  investigation  of  this  subject  may  yet  throw- 
light  on  new  ])ossihi]itie.s  in  plants. 

We  have  now  arrived  at  the  most  i»ractical  question  of  all.  naiuely, 

In  what  way  can  the  range  of  couunercial  hotany  he  extended  t  In 
what  manner  or  by  what  means  can  the  introduction  of  new  si)ecies  be 
hastened  f 

It  is  jMissible  that  some  of  you  are  aware  of  the  great  amount  of 
unooordinateil  work  which  has  been  done  and  is  now  in  hand  in  the 
direction  of  bringing  in  new  plants. 
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Tlio  competition  )>•  tw<  «mi  tlu'  importers  of  new  plants  is  so  (rn-at 
botli  in  the  Old  Woi  1(1  iml  the  Kew  tlmt  a  very  hu  'ro  luopiti  t  ion  of 
the  spccit's  wliich  wfiuhl  luitmiilly  coiinnfiHl  themsidvi'S  tor  the  ii>c  of 
tlorintH,  for  (he  adornment  «'t  ( ♦  uhoiiseH,  or  for  commercial  ends, 
have  been  at  one  time  or  auuthi  r  brought  l)ef(»re  the  pnblie,  or  are  be- 
iii^  aceumulatrd  in  stock.  The  same  is  true,  although  to  a  less  extent, 
with  rejjard  to  iisi  ful  vriretahles  and  fruit.  Hardly  one  of  those  which 
we  can  suggest  as  desirable  for  trial  has  not  already  been  investigated 
in  Enro])e  or  this  country  and  n  purted  on.  Tlie  pages  of  our  chemi- 
cal, pliannaceutieab  medical,  horticultural,  agricultural,  and  trade 
journals,  es]>«'cially  tiiose  of  high  gnule,  contain  a  wealth  of  material 
of  this  rlia  rafter. 

I>iit  what  is  needed  is  this,  that  the  promising  plantH  should  be  sys- 
tematically investigated  under  exhaustive  conditions.  It  is  not  enough 
that  an  enthusiast  here  or  au  amateur  there  should  give  a  plant  a  trial 
under  imperfectly  understood  conditions  and  then  report  success  or 
ftilure.  The  work  should  be  thorough  and  every  question  answered 
categorically ;  so  that  we  might  be  placed  in  possession  of  all  the  facts 
relative  to  the  objet  t  experimented  upon.  But  such  an  undertaking 
requires  the  eo-operation  of  many  different  agencies.  I  shall  venture 
to  mention  some  of  these. 

In  the  first  place,  botanic  gardens  amply  endowed  for  research. 
The  Arnold  Arboretum,  the  Shaw  Garden,  and  the  Washington  Exper- 
imental Garden  are  American  illustrations  of  what  is  needed  for  this 
purpose.  ITniversity  gardens  have  their  place  in  instruction,  but  can 
not  wisely  undertake  this  kind  of  work. 

In  the  second  place,  museums  and  laboratories  of  economic  bot- 
any. Much  good  work  in  this  direction  has  been  done  in  this  country 
by  the  National  Museum  and  by  the  department  in  charge*  of  the  inves- 
tigation of  new  plants.  We  need  institutions  like  those  at  Kew  in 
England,  and  at  13uitenzorg  in  Java,  whi(*h  keep  in  close  touch  with 
all  the  world.  The  founding  of  an  establishment  on  a  scale  of  magni- 
tude commensurate  with  the  greatness  and  needs  of  our  country  is  an 
undertaking  which  waits  for  some  one  of  our  wealthy  men. 

In  the  third  place,  experimental  stations.  These  may,  within  the 
proper  limits  ( >f  their  sphere  of  act  ion,  extend  the  study  of  plants  beyond 
the  established  varieties  to  the  species,  and  beyond  the  species  to 
equivalent  species  in  other  genera.  It  is  a  matter  of  regret  that  so 
much  of  the  energy  displayed  in  these  stations  in  this  country,  and  we 
may  say  abroad,  has  not  be»'ii  more  eeonomirnlly  directed. 

(xreat  economy  of  eTier;,^y  must  result  from  thr  r^'cnnt  change  by 
whi<di  co  ordinaticm  of  action  is  assured.  The  intlucncc  w  hich  the  st4i- 
tions  nuist  ex«M  t  on  the  weltaroof  our  country  and  the  development  of 
it»  resoui'ces  is  incalculable. 

*The1Ut  of  economic  plants  pabliahed  by  tlie  Department  in  Waablngton  is  re- 
markablj  ftdl,  and  is  in  every  way  creditable  to  thoee  in  charge. 
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In  the  last  place,  but  by  i»o  moans  least,  the  co  operation  of  all  who 
are  iut^^rested  i[i  scientiti<;  matters,  through  their  observation  of  isolated 
and  associated  phenomena  connected  with  plants  of  supi>osed  utility, 
and  by  the  cultivation  of  snt  h  plants  by  private  individuals,  uncon- 
nected with  any  State,  jroveriimL'utal,  or  aca<I(  (iiie  institutions. 

By  these  agencies,  wisely  directetl  and  energetically  rrnployeil,  tlic 
domaiiis  of  commercial  and  industrial  botany  will  be  enlarfr«*d.  T<» 
some  of  tiie  possible  results  in  theae  duiuaius  1  haveeudeiivored  to  cull 
your  attention. 
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For  over  three  thoaaand  years  the  {jreat  hipfhway  for  commerce  hafl 
bi»^ii  from  India  by  the  Persian  (liilf  and  the  Kuphrates  or  by  the  Red 
Sea  to  tlie  Mediterranean,  and  t hence  through  The  Mediterranean  by 
Gibraltar  t4)  western  and  uortUera  Europe,  und  in  oar  day  tiieoce  to 
America. 

Along  this  ronU*  cities  and  nations  have  s])rnng  uj),  increased  in 
wfaltli  and  power,  and  passed  aAvay,  giving  piuce  to  other  cities  and 
nations  furtluT  westward.  These  nHtions  have  been  great  carriers  and 
distributors  ot  imnerals  and  gtMxl.s,  as  well  as  capitalists  and  bankers, 
or  carriers,  hankers,  and  manufacturers;  in  eitlxT  case  controlhng  the 
(•onnnerce  of  the  world.  Tliis  control  has  never  for  any  long  period 
been  liehl  l)>  the  same  race,  but  has  passed  from  one  nation  toanothet  , 
always  lit>ni  the  east  toward  the  west. 

The  earliest  highway  of  coniniercc  was  iium  India  tiirough  the  Per- 
sian linlf,  up  tlie  Euphrates  to  the  Ah'ditei  ranean ;  and  carpets  and 
prccJons  stones  were  tlien  as  now  carried  over  this  route.  liXpluiu 
tions  and  surveys  for  a  railroad  have  been  recently  made  along  this 
'  on I  future  highway  to  India."'  Caravans  brought  spices  from  Arabia 
and  rich  stutt's  from  Babylon  and  Xineveh  to  the  shore  of  the  Red  Sea. 
Solomon  made  a  navy  of  ships  and  Hiram  sent  in  the  navy  his 
"Servants,  shipmen  that  Inul  knowledge  of  the  sea,  and  they  brought 
gold  from  Ophir,  great  plenty  of  almng  trees,  and  precions  atones.^ 

Tyre  and  Sidon  founded  eolonicss  on  the  slHiresof  the  Mediterranean, 
enalaying  the  Spaniards  and  otmpelling  them  to  work  the  mines  of 
gold  and  silver  a1reail\  opened  in  Spain.  Tlieir  ships  sailed  tlirougli 
the  Mediterranean,  by  the  Pillars  of  Hercules,  into  the  Atlantic  Ocean, 
turning  northward  to  England  for  tin  and  copper  and  on  into  the  Bal- 
tic sea  for  furs  and  amber,  turning  southward  along  the  western  const 
of  Africa,  passing  certainly  2,000  miles  to  the  equator,  and  probably 
rounding  the  Gape  of  Good  Hope  into  the  Indian  Ocean.  Products 
from  the  west  were  brought  in  ships  to  Tyre  and  Sidon  and  exchanged 

*  Pr«»Ni(l>'nti;il  atldreas  to  Iho  Niitional  «ie«ij;raiiliir  Noeiely.  .January  I.'j.  1892. 
(From  The  MaHonal  Geographic  Magazine,  March  20,  l.SL<2:  vol.  iv,  pp.  1-18). 
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tor  the  goods  of  tho  east,  their  iiien  haiits  making  profits  on  each  trans- 
aetioii  both  as  mereliaiits  and  as  carriers.  Tyre  and  iSidon  beciime 
wealthy,  luxurious,  and  etieminate.  Some  <»f  their  citizens  saw  in 
Africa  a  richer  soil  and  a  better  situation  for  a  hirge  city,  and  found«'d 
Carthage.  The  Carthagenians  inherited  tiie  trade  of  Tyre  and  Sidoii, 
and  in  addition  opened  highways  to  F^gypt  and  into  the  iuterit»r  of 
Africa,  bart<^riugtheir  wares  in  Egypt  lor  corn  and  irraiu,  and  in  Afri<  a 
for  ivory,  gems,  and  slaves.  They  ])Ianted  c( (ion its  iu  Africa  and 
Sicily,  and  for  a  time  were  successful  rivals  of  Greece  and  Rome. 

The  rule  of  the  ocean  transferred  from  Asia  to  Africa  remained  there 
but  a  short  tiuie,  for  the  day  of  Europe  came  with  the  rise  of  Greece 
and  Rome. 

The  Greeks  founded  colonies  in  Asia  Minor,  Sicily,  and  Italy.  The 
rums  of  great  cities  with  Grecian  temples  aod  amphitheaters  are  found 
at  Girgenti  and  Syracuse  iu  Sicily,  at  Pffistum  and  other  places  in 
Italy.  Under  Pyrrhns,  their  armies  were  defeated  by  the  Bomana 
and  her  oolonies  captured.  Deprived  of  these,  her  power  rapidly  de> 
cUned  and  she  became  a  Bonian  provinee. 

Rome. — Bome  founded  few  colonies,  but  she  conquered  the  nations  oi 
Asia,  AfHca,  and  Europe,  and  brought  under  her  sway  cities,  king- 
doms, and  empires.  She  boasted  of  500  cities  in  her  Asiatic  proiince 
that  had  been  founded  or  enlarged  and  beautified  by  the  Ca  sars.  One 
hundred  and  twenty  vessels  each  year  l)ron*ilit  the  goods  of  India  from 
the  delta  of  the  Ganges,  and  larue  fleets  from  Egj'pt  came  laden  with 
corn  and  grain.  She  impf>rted  from  e\  cry  counfrv,  but  exported  little, 
paying  for  her  imports  by  taxes  levi* -  I  on  her  e olnnists. 

Rome  was  the  first  power  to  incorpm  Jtc  <-oii(|iirr('(i  states  into  her 
dominion  and  ext<'ii<l  citizens]iii>to  all  tin  i^eople  m  herKnipire,  so  that 
Paul  could  say  in  truth,  ^'  T  am  a  Komau  citizen  and  toCa'sar  I  apjical." 
So  salutary  and  beneficial  was  her  rule  that  under  it  these  countries 
prospered  more  than  under  their  own  rnlei  s.  \\  hut  Rome  seized  with 
strong  hand  she  defended,  and  in  return  lor  taxation  gave  protection. 
She  has  no  more  enduring  monument  than  hei  roads,  the  remains  of 
which  are  now  found  in  every  count i  v  ^  t  luuope.  Though  built  as 
military  and  post  roads,  they  were  used  largely  for  commence.  All 
started  Irom  the  golden  ndle-stone  iu  the  forum ;  one  ran  over  the  Bren- 
ner pass  northeastward  to  the  Baltic  Sea,  another  followed  the  north- 
western eoast  of  the  Mediterranean  to  Spain  and  southern  France, 
another  crossed  the  Alps  and  extended  through  France  to  the  British 
channel  and  through  England  to  Scotland,  where  the  liomans  built  a 
wall,  ruins  of  which  now  bear  witness  to  its  strength.  Another  way 
went  southward  to  Kaples  and  Brindisi,  and  another  led  eastward  to 
Macedonia  and  Greece,  As  these  were  the  only  roads  in  all  these  coun- 
tries, It  was  truly  said,  All  ways  lead  to  Borne;'*  and  oyer  them  tiie 
messenger  of  Gtesar  travelled  more  rapidly  than  the  mail-eairier  of 
our  fathers  on  our  mail  routes. 
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Ysiiiee  and  OemKL — ^Aftor  500  years  of  empire  Borne  fell,  and  the 
dark  ages  followed.  From  A.  d.*400  to  A.  d.  800  commerce  and 
trade  died  oat.  The  only  TesselB  on  the  Mediterranean  and  Baltic 
were  piratical  crafts;  Jerosalem  and  the  Holy  Land  were  eaptored  by 
the  Tnrks ;  the  Cni^es  began,  foierunnerB  of  a  higher  civilization  and 
more  extended  commerce.  Thonsands  and  tens  of  thousands  of  people 
firom  all  parts  of  Europe  and  all  ranks  of  life,  bearing  the  pilgrim's 
badge^the  blood-red  cross— journeyed  toward  the  Holy  Laud,  first  in 
vast  crowds  led  by  Peter  the  Hermit,  then  in  great  armii's  led  by  kings 
and  generals.  For  ye^rs  this  movement  continued.  Venice  and 
Ctenoa  furnished  shipn  to  carry  the  armies  of  Frtaice  from  Italy 
to  the  Holy  Land.  The  X'euotians  were  shrewd  nierchauts  and  drove 
hard  bargains^  stipiUating  for  cessions  of  land  at  the  best  com- 
mercial i)oints  and  adequate  compensation  for  their  services.  After 
the  failure  of  each  Crusade  they  brought  hm  k  remnants  of  the  troops 
and  pil^ims,  and  with  them  the  products  of  Asia  Minor,  :ind  b<x>ks 
and  art  treasnres  from  Greece.  These  were  distributed  all  over  Italy, 
and  led  to  the  renaissaiu-e  of  the  thirteenth  and  fourt<!CntU  <'entnries. 

The  tra<le  with  the  east  biuught  power  and  wealth  to  Venice  and 
Genoa.  They  founded  colonies  on  the  Black  Sea,  in  Asia  ATinor,  and 
on  the  Asiatic  coast.  Venice  ali»!ie  had  3,U(M)  vessels.  Their  com- 
merce was  not  coiiUued  to  tlie  borders  of  the  Mediterranean,  for  tiie 
goofls  of  the  Orient  were  distributed  by  the  way  of  Augsburg  and 
ISaicmberg  to  the  interior  of  Germany  and  to  the  towns  of  the 
Hauseatic  confederation.  Thus  commerce  was  o|>ened  with  the  in- 
terior of  Europe. 

By  the  failure  of  the  Crusades  the  power  of  the  Turks,  which  had 
been  for  some  time  checked,  grew  and  increased.  They  conquen'd  the 
holy  places  of  the  earth,  Asia  Minor  and  JSyria,  and  tinally,  crossing 
into  Kiiro])e.  «raiued  Ooustantiuoplc.  The  colonies  of  Venice  and  Genoa 
were  captured^  their  fleets  disappeared  from  the  Mediterranean.  In 
western  Europe  the  Spaniards  under  Ferdinand  and  Isabella  con- 
quered the  Moors,  who  fot  many  ages  had  occupied  the  larger  portion 
of  Spain ;  and  as  ib»  Orescent  appeared  in  eastern  Europe  the  Cross 
triumphed  in  the  west. 

Spam  and  PorlK^oX^Then  a  new  power  appeared  upon  the  stage. 
Spain  and  Portugal  entered  upon  an  era  of  exploration  and  discovery 
in  regions  unknown  to  Venice  and  Genoa,  Commerce,  which  in  the 
middle  ages  had  been  confined  to  the  Mediterranean  Sea,  was  now  ex- 
tended to  the  countries  on  the  Atlantic  Ocean,  and  the  Cape  Verde 
Islands,  Madeira,  and  the  Canaries  were  discovered.  In  one  genera- 
tion (between  1470  and  1500  a.  d.)  mo:e  and  greater  discoveries  were 
made  than  in  any  other  period  of  the  world's  history.  The  Portuguese 
sailed  along  the  eastern  coast  of  Africa  and  rounded  the  Capo  of  Good 
Hopei  Vasco  de  Gama  crossed  the  Indian  Ocean  to  India;  Columbus 
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sailed  westward  to  Hud  tlie  ()n«»nt  aiul  diK<'ovored  a  th  av  woiM  :  AFa 
gellau  t  irciuu-iiavij^ated  tlie  gloh*';  I>all»oa  croiSHi'il  tlio  IstliimLs  ot' 
Pauatiia,  and  was  the  first  to  see,  on  tlio  same  day,  the  sun  rise  out  of 
the  Athiutir  and  set  in  the  l^sieifie;  and  soon  tlie  eastern  and  w  •  sti  rn 
eoasts  of  America  were  exph»red  from  Newfoundland  U)  dxim  Horn 
and  tVom  Cape  Horn  to  Panama. 

Both  Porta rjal  and  Spain  claiined  all  the  Xew  World,  and  as  they 
could  not  u^rec  upon  a  division  of  tcri  itory  thc^'  rclci  ri'd  the  matter 
to  the  Pope,  who  divided  the  New  Workl  between  them.  The  Al  laiitic 
became  the  great  highway  for  commerce,  while  the  Mediterranean  was 
deserted,  and  Venice  and  Genoa  existed  only  in  the  past. 

The  commerce  of  Portugal  was  co-extenKive  with  her  dominion,  which 
extended  from  Japan  and  the  Spice  Islands  and  India  to  the  Red  Sea^ 
tlience  to  the  Cape  of  Good  Hope;  and  with  their  posnessions  on  the 
eastern  and  western  shores  of  the  Atlantic  and  in  Africa  and  Brazil 
completed  their  maritime  empire,  the  most  extensive  the  world  has  ever 
seen.  Then  a  single  fleet  of  one  hundred  and  fifly  to  two  hundred  and 
fifty  coracks  sailed  from  the  port  of  Goato  Lisbon;  now  there  sails  but 
one  vessel  a  year  from  all  India. 

From  Spain  ships  sailed  both  to  the  Caribbean  Sea  and  to  Gape  Horn 
and  thence  to  Chile  and  Pern,  or  directly  northwestward  from  Cape 
Horn  to  the  Philippine  Islands.  Spain  conquered  Mexico,  Central 
America,  and  all  South  America  except  Brazil.  The  gold  and  silver  of 
Pern  and  Chile,  and  the  goo<l8  of  the  Orient,  were  bronght  to  Spain  and 
Portugal.  As  their  wealth  and  power  increased  the  spirit  of  explora- 
tion  de4>rcased,  and  for  nearly  two  hundred  years  the  Spanish  ships 
sailed  in  a  fixed  course  by  the  same  lanes,  exploring  the  0(  ean  neither 
toward  the  north  nor  the  south,  leaving  undiscovered  the  great  conti 
ncnt  of  Australia  and  numerous  groups  of  islands. 

The  Spanish  and  Portuguese  leaders  were  cavaliers,  who  despised  all 
commen  e  excepting  in  gold  and  silver,  all  kinds  of  manufactures,  nil 
nnmnal  labor,  and  the  cultivation  of  the  ground.  They  came  not  to 
colonize,  but  to  satisfy  by  the  labor  of  the  enslaved  aborigines  their 
thirst  for  ^rold  and  silver.  The  whole  political  power  was  retained  by 
tht'  King  of  Spain  and  administered  l>y  Spaniards.  While  the  silver 
and  gold  of  America  and  the  wealth  of  the  Indies  poured  into  the 
treasuries  ol' Spain  tln'v  wantrd  ncttliin^^  luon'.  Take  ancient  lioiiu', 
they  tiK»k  all  tlir  woaltli  of  t  he  conqn('rc<i  countries,  making  no  retui  uj 
but  they  not,  like  Home,  give  wise  and  equitable  laws  and  a  stable 
goverumcut  to  the  countries  they  conquered. 

The  Netkerland8.^The  inhabitants  of  the  Netherlands  were  mana- 
facturers,  and  supplied  the  nuirkets  of  Spain  and  Portugal  and  their 
colonies,  thus  reaping  as  large  profits  from  their  trade  with  these  coun- 
tries as  the  Spanish  and  Portuguese  from  the  mines  of  gold  and  silver. 

No  part  of  Burope,  says  Motley,  seemed  so  unlikely  to  become  the 
home  of  a  great  nation  as  the  low  country  on  the  northwestern  coast 
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of  the  continent,  where  the  great  rivers,  the  Rhine  and  Schehlt,  erop« 
tied  into  the  North  Sea,  and  wiiere  it  was  Iiard  to  tell  whc^ther  it  waa 
land  or  water.  In  this  region,  ont^'ast  of  oeean  and  earth,  a  little  nation 
wrested  from  both  domains  their  richest  treiisiires. 

The  commerce  of  the  llanseatic  Towns,  which  had  depended  for  their 
trade  on  Venice  and  (lenoa,  became  less  and  less  as  the  glory  of  those 
('\f']t^<  ^y•^m'^\.  Antwerp,  with  its  deep  and  coiivenirnt  rivers,  stretched 
its  arms  to  the  OLu  an  and  caught  the  golden  harvest  is  it  tdl  from  its 
sisters'  giasp.  No  city  except  P;iris  snrpnssed  it  in  population;  none 
approached  it  in  splend«)r.  It  became  theionuncrciul  center  find  batiker 
of  Knrope;  r>,(MK*  merchants  daily  assembled  on  its  exchange;  2,."»<Mi 
vessels  were  often  seen  at  once  in  its  harbor,  and  500  daily  made  their 
entrance  into  it.  The  manufa^'tures  of  Flanders  and  the  Netlieriands 
had  been  noted  for  niany  <;enerations,  and  now  vastly  iui  ieased,  wer«^ 
ilistributed  all  over  tlie  worhl.  The  Netherlands,  though  the  small- 
est, became  the  wealthiest  nation  of  Europe.  Theinrame  the  lon^  con 
tinued  war  withSijain,  enilin^  in  the  siege  and  lall  of  .\nt\v»'rp.  and  in 
the  imposition  of  such  taxation  as  no  other  country  had  ever  endured. 
As  Antwerp  had  grown  on  the  ruins  of  the  IIanseati<;  Towns,  so  her  fall 
became  England*8  gain. 

France  and  England. — In  America,  north  of  Mexico,  neitht^r  silver  nor 
gold  had  been  found  to  tempt  the  S))anish  and  Portuguese.  The  larger 
portion  of  the  northern  Atlantic  <'oast  was  one  long  sand  beach,  broken 
b>  eat  estuaries  and  the  mouths  of  ^q-eat  rivers;  the  rest  was  rocky 
and  rugged,  the  temperature  generall>  cold,  the  laml  unfertile  and 
barren.  For  these  reasons  Xortli  America  was  left  to  the  French  and 
English.  The  P>ench  eiaimed  Canada  and  tht-  wliole  of  the  territory 
of  tlu  United  States  save  a  naiTow  strip  of  land  on  the  Atlantic  coast. 
The  French  jiopulation  was  small,  and  was  made  up  prin»  ipally  of  fur- 
traders  and  half-breeds;  Great  Britain  held  New  England,  Virginia, 
and  the  ('aroliujvs. 

After  the  tirst  fever  <>f  r4;ligious  colonization  had  passed,  about  the 
commencement  of  the  eighteenth  century,  there  was  scarcely  any  emi- 
gration from  Fngland  to  America  and  but  little  trade  betwe(^n  the  two 
countries.  Tlie  population  of  North  America  was  small,  its  commerce 
less,  witb  little  profit  to  tlu  KurojM  an  merchants.  The  country  pos- 
sessed no  peculiar  a<lvantages  for  the  production  of  articles  of  value 
in  foreign  markets;  there  was  nothing,  therefore,  to  invite  immigration 
or  commerce. 

The  chief  inducement  Ut  the  English  to  navigate  the  Atlantic  was 
the  hope  of  capturing  the  treasure  laden  Spanish  galleons  Mid  tlie  rich 
Spanish  cities. 

Sir  Francis  Drake,  Sir  Walter  Raleigh,  and  other  navigators,  aided 
by  Queen  Elizabeth,  with  bands  of  bnocaneers,  refugees  from  all  conn* 
tries,  thoa^^h  mostly  Enjrlishmen,  explored  the  recesses  of  the  Carib- 
bean Sea,  crossed  the  Isthmus  of  Panama,  and  latindied  thdr  little 
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vessels  on  the  Paoiflc.  In  15  years  fhey  captured  545  treasure  ships, 
sacked  many  towns,  trained  the  English  seaman,  and  Md  the  foanda- 
tion  for  the  navy  of  Great  Britain. 

The  growth  of  English  commerce  was  slower  than  that  of  dpain, 
Portugal,  or  Holland,  and  it  was  not  until  the  middle  of  the  eighteenth 
century,  or  250  years  after  the  discovery  of  America,  that  she  entered 
upon  that  career  which  gave  her  the  control  of  the  ooean.  Her  com- 
merce was  built  up  by  protective  laws,  fouuded  on  the  navigation  act 
of  1651,  which  prohibited  foreign  vessels  from  carrying  to  or  firom 
England  the  commerce  of  any  country  but  its  own.  These  laws  were 
universally  regarded  as  among  the  chief  causes  and  most  important 
bulwarks  of  the  prosperity  of  Gre^t  Britain,  and  they  were  continued 
until  English  ships  controlled  tlie  carrying  trade  of  the  world,  and 
were  not  finally  repealed  until  1854. 

The  mechanical  devices  of  Watt,  Arlcwright,  and  other  great  invent- 
ors gave  to  England  that  supremacy  in  manufactures  which  she  has 
ever  since  retained.  The  French  revolution,  a  little  later,  arousecl  the 
fear  of  the  statesmen,  merchants,  and  capitalists  of  England  that  the 
energy  of  the  new  Kopiiblic  would  be  as  omnipot  ent  in  mercantile  affairs 
as  on  the  field  of  battle.  They  believed  that  Franee  niiglit  regain  the 
colonies  ami  with  them  the  commerc  e  slie  fiad  lost,  and  therefore  Eng- 
land deelared  war  afjainst  Napoleon,  which  was  carried  on  almost  eon- 
tin  uoiisly  from  17!>.i  to  1815.  Thv  s1ii])j)inj^  of  the  Continent  disappeared 
or  was  captured  hy  the  tiects  of  I  'lii^land;  the  colonies,  and  with  them 
the  commerce,  of  {Spain  and  Portugal,  llolhind  and  France,  passed  to 
England;  and  though  she  is  still  bnrdened  witli  the,  debt  then  created, 
she  has  never  lost  the  commerce  and  carrying  trade  s!ie  tlien  obtained. 

The  po})ul;il  ion  of  the  colonies  of  Great  Britain  is  about  <me-8ixtli  of 
the  entire  populatittn  of  the  £;]i)bc,  and  tlieir  territory  eoniprises  eighty 
per  cent  of  the  available  temperate  regions  of  the  earth  belougiug  to 
the  An^lo  Saxon  race. 

The  commerce  of  England  has  given  wealth  to  her  b;aikers  and  mer- 
chants, and  employment  to  her  artisans,  ship-builders,  iron-wm  kcrs, 
miners,  and  manufacturers.  Iler  exi)orts  ol  produce  and  uianufaetnres 
have  increased  500  per  cent  in  fifty  years,  or  from  $356,000,000  in  184U 
U)  8  !,"> 7 7,000,000  ill  1S<K),  and  are  carried  by  her  ships  to  every  quarter 
of  the  globe.  Thou<^h  dependent  on  America  for  her  food  supplies, 
these  are  moved  in  British  ships.  The  commerce  of  the  world  pays 
tribute  to  the  bankers  of  London  and  makes  that  city  themouey  center 
of  the  world.  Her  best  market  is  India,  and  firom  India  comes  her 
largest  imports;  next  to  this,  those  from  the  tTuited  States. 

India. — Egypt,  Nineveh,  and  Babylon  in  prehistoric  times,  1^'re  and 
Sidon  and  Greece  under  Alexander,  Carthage  and  Borne  under  the 
Ctesars,  Venice  and  Genoa  in  the  middle  ages,  Portugal  and  Ilolland, 
and  lastly  England,  have  drawn  great  stores  of  wealth  from  India. 
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From  India  science  and  literature  were  liaiided  on  to  Europe,  and 
Iroiii  iiidia  has  come  the  religion  of  moro  thmi  lialfof  the  huinau  nice. 
For  India  the  Spanish  nailed  westward ;  for  India  the  1  •ortnirue.se  sailed 
eastward.  Portugal  was  the  first  t^)  u  .u  h  the  f,'oal  and  obtain  tlie 
prize.  Greater  riches  have  been  drawn  ironi  India  than  IVum  the  gold 
aud  silver  mines  of  Aniericaj  since  for  all  agt  .s  it  has  been  the  store- 
house from  which  treasures  were  deriyed.  Portugal  held  India  from 
about  1500  to  1000.  Ships  brought  the  silks  and  precious  stones  of 
India  to  lAsbon,  where  they  were  sold  to  the  Dutch  aud  distributed  by 
them  through  Europe.  SpAin  conquered  Portugal,  aud  to  avenge  her- 
self  on  Holland  exdnded  her  merchants  from  Lisbon.  They  then  sailed 
directly  for  India,  dtsiiosaesBed  the  Portagnese,  and  the  commerce  of 
India  was  for  the  next  hundred  years  controlled  by  Holland. 

Then  for  a  short  time  India  was  divided  between  France  and  England, 
but  under  Lord  Glive  and  Warren  Hastmgs  the  possessions  of  France 
passed  to  the  East  India  Company,  and  when  their  charter  expired  it 
was  made  a  province  of  the  Orown^  and  the  Queen  of  England  became 
Empress  of  India. 

Unlike  Borne  and  Spain  in  their  dealings  with  conquered  nations, 
England  gives  a  fair  exchange  for  all  she  takes,  and  rules  in  India  for 
India,  giving  a  more  stable  and  equitable  government  than  India  ever 
before  enjoyed. 

To-day  Tyre,  Sidon,  and  Carthage  are  known  only  by  their  ruins;  the 
glory  of  Gre(>ce  and  Borne,  of  Venice  and  Genoa,  has  passed;  the  power 
of  Spain  and  Portugal  has  waned,  while  India  is  developing  a  social, 
moral,  and  political  prosperity,  with  wealth  and  commerce  unknown 
In  any  former  period  of  her  history. 

iSttfz  Canal. — Much  of  the  trade  of  India  iu  ancient  times  i)a.s.'5ed 
through  a  eaual  connecting  the  H<'d  Sea  with  the  Mediterranean,  the 
remains  of  which  still  exist,  aud  eifurts  U*  re-open  it  have  been  made  at 
different  times  by  Kgypi  without  success.  In  1850  l)e  I^'sseps  obtained 
concessions  from  the  Khedive  for  the  Suez  Canal,  aud  commenced  the 
work  under  the  directions  of  the  best  engineers  of  Europe.  De  Les- 
seps  applied  U*  English  capitalists  ibr  hcIi),  but  they  were  deterred  by 
Lord  Palmerstott,  who  said  he  "would  opinise  the  work  to  the  very 
end.''  Mr.  Stevenson,  the  engi ne4'r,  supported  Lord  Palmerston,  declar- 
iiig  that  <Hhe  scheme  was  impracticable,  except  at  an  expense  too  great 
to  warrant  any  expectation  of  returns.''  The  Emperor  of  France  leitt 
his  name  to  the  company,  and  large  sums  of  money  were  raised  in 
France;  but  the  canal  was  constructed  mainly  by  the  money  and  labor- 
ers of  Egypt  It  was  opened  in  1869,  and  immediately  English  steamers 
began  to  sail  through  the  canal,  and  the  route  around  the  Cape  of  Good 
Hope  wa«t  almost  abandoned.  Other  flags  soon  followed,  and  the  com- 
merce with  India  and  the  East,  so  long  lost  to  Venice  and  the  ports  of 
the  Heditenaneauy  waa  revised* 
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In  1875,  Lord  Beaconsfield  porohased  for  EDglaud  a  oontrolling 
interest  in  the  Suez  Canal,  and  England  now  roles  both  Egyptl^ndthe 
canal.  The  vessels  of  all  the  maritime  nations  of  ^e  world  arc  oon> 
stantly  passing  through  the  canal,  with  the  single  exception  of  thoae 
of  the  United  States. 

ColonitM.— The  commerce  of  tlir  great  nations  of  the  world  luis  been 
principally  with  their  (•t>lonit;4S  or  dependencies,  and  from  tliis  com- 
nuTce  they  have  dorivetl  their  wealth.  The  mother  (  (tuiitry  in  return 
for  its  rc:il  <>r  lumjinal  ]>iotc<  tion,  and  tor  its  own  aggiandizemeut,  has 
restricted  the  commerce  of  her  colonies. 

The  European  nations  adopted  four  classes  of  restrictions: 

(1)  Restricting  the  exportation  of  goods  from  the  colony  except  to 
the  mother  country. 

(2)  Besbricting  the  Importation  of  goods  from  foreign  countries  into 
the  colonies. 

(3)  Bestricting  the  exportation  or  importation  of  goods  excepting 
in  ships  of  the  mother  country. 

(4)  Bestricting  the  manufacture  of  their  own  raw  products  by  the 
colonies.  So  strong  was  this  feeling  in  England  that  even  Lord 
Chatham  declared  in  Parliament,  **The  British  colonies  of  North 
America  have  no  right  to  mannfocture  even  a  nail  or  a  horseshoe.^ 

Most  of  these  restrictions  have  been  removed,  though  the  result  atiU 
remains. 

The  FhoBnicians,  Carthagenians,  and  Greeks  had  colonies  on  the 
Mediterranean.  The  Bomans  conquered  and  held  as  subjects  nations 
and  empires.  Venice  and  Genoa  had  colonies  on  the  Black  and  Medi- 
terrtuieau  seas.  Spain  and  Portugal  held  as  dependencies  all  Central 
America,  South  America,  Africa,  India,  and  the  islands  of  the  Pacific 
The  Dutch  Hepublic  and  France  ]»lanted  colonies  in  India  and  America. 
England  haD  colonies  in  every  iiart  of  the  world,  and  on  her  dominion 
the  sun  never  sets. 

Germany,  France,  tu<;al,  and  Bussia,  appreciating  the  necessity 
of  colonies  for  the  extension  of  their  commerce  and  for  ojM'ning  new 
markets  for  their  maimfactnres,  are  planting  colonies — France  in  Cochin 
China,  Germnny  on  the  eastern  and  western  coasts  of  Africa  and  the 
islands  of  the  l*acirtc.  Portu<;al,  aKmsed  to  a  new  life,  is  determined 
to  hold  her  remaining'  iiossessions  in  Africa ;  Knssia  is  steadilj'  adding 
tn  )n'r  (hmdnions  in  Asia,  and  her  railway  iroui  the  Caspian  iSe4i  to 
{>;iinarcMnd  has  opened  in  western  and  a  ]>art  of  central  Asia  a  market 
lor  her  manufactures  and  commerce  hitherto  supplied  by  Great  Britain. 

Untied  Statesj^The  United  States  is  the  only  nation  that  has  become 
great  without  colonies  and  without  foreign  commerce  and  shipping. 
Its  vast  extent  of  territory,  where  the  east  and  west,  the  north  and 
south  are  separated  more  widely  than  the  colonies  of  T!yre  and  Sidon 
or  of  Carthage  and  Borne  firom  the  mother  countries;  the  great  yarietj 
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of  climate,  the  fertile  soil,  its  varied  occupations  and  manufactures, 
and  a  widely  distributed  population  have  created  an  enormous  inland 
commerce  and  given  tbat  trade  and  wealth  which  other  countries  find 
in  commeioe  and  exchange  with  their  colonies.  Our  population,  wealth, 
internal  commerce,  exports  and  imports  have  increased  at  a  more  rapid 
rate  than  those  of  any  other  nation  in  a  similar  period.  This  is  not 
due  in  any  great  degree  to  immigration,  for  our  population  has  increased 
in  no  greater  ratio  since  this  immigration  commenced  than  before,  and 
experts  believe  that  it  would  ba  vo  been  as  large  and  more  homogeneous 
without  immigration.  We  had  at  one  time  a  large  foreign  commerce, 
and  onr  mcrchauts  were  the  first  to  establish  direct  trade  witli  China 
and  the  East  Indies;  the  Stars  and  Stripes  were  seen  floating  on 
every  sea  and  flyill^'  in  every  harbor,  and  for  years  we  were  the  second 
maritime  nation  of  tlie  world. 

The  conimerce  of  the  world  passed  from  wooden  sailing  ships  to 
side- wheel  steamers,  to  iron  and  then  to  steel  propellers;  England  was 
a  worker  in  iron  and  machinery  of  every  kind;  we  were  not.  The  civil 
war  came  and  hastened  the  day  which  was  snre  to  come.  ( )ur  shi])ping 
faded  away  faster  tliau  it  had  arisen,  while  that  of  (ireat  liritaiii  in- 
creased as  rapi<lly  as  cmrs  decreasoil.  This  was  m*towin|^  tu a  deerease 
of  onr  foreign  tnide,  for  duriuir  i  In-  last  twenty  years  our  exports  and 
imports  have  increased  more  I  liaii  twice  as  rapidly  as  those  of  Great 
Britain.*  Eighty-se\ en  per  cent  of  these  exports  and  imports  are 
carried  in  British  ships,  consigned  t«  English  houses  which  have  been 
established  in  every  large  port  in  the  world,  and  the  proceeds  are 
usually  remitted  Ut  the  Lond<»n  banker. 

Fortunately,  our  flag  never  disappeared  from  onr  inland  waters  and 
from  our  coasting  trade,  for  lurcigners  are  excluded  from  the  <roastiug 
trade,  ev<'n  where  the  iK>rts  are  15,(MM)  miles  apart  by  water. 

The  substitution  of  steamers  for  sailing  ships  and  of  steel  for  wooden 
propellers,  which  took  idace  from  tou  to  twenty  years  ago  on  the  ocean, 
is  now  going  rapidly  on  upon  oor  lakes.  Where  in  188G  there  were  but 
6  steel  propellers,  now  there  are  dS,  and  of  2,225  vessels  on  the  north- 
em  lakes,  1  ,lo3  are  steamers,  902  are  saili  n  g  vessels.  The  action  of  Ck>n- 
gress  in  providing  for  the  construction  and  equipment  of  war  vessels  by 
competititm  has  led  our  ship-builders  within  the  last  eight  .years  to 
establish  ship  yards  and  machine  shops  where  the  largest  shixis  can  be 
built,  and  we  are  now  building  as  large  and  fast  vessels  of  war  as  Eng- 
land. Our  ship-builders  claim  that  they  can  construct  ships  erjual  in 
carrying  capacity,  speed,  and  strength  to  those  of  G-reat  Britain,  and 
at  no  greater  cost,  though  they  can  not  be  ran  so  cheaply  because  our 
sailors  are  better  housed,  fed,  and  paid  than  those  of  other  nations. 

*  Thi- cTpfirts- <if  thi' TTniteil  Si;it<  s  have  iiirrcajwiid  112  jmt  *Tt)t.  flu'  exports  aiiil 
iiii]Mirts  !iL'  |M  I  r<  tit;  tlio  oxporto  of  Oroat  BrlUiu  35  per  cout^  her  ox|)ort8  oud  Uu- 
|H)rUi  37  pur  cent. 
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The  day  vnH  surely  come  when  oonnnevoe  will  make  her  laafc  inoTanint 
westward,  when  America,  lyiug  between  Europe  and  Asia^  with  her 
boundless  nuneral  and  agricoltural  resourees,  her  manufiietniing  &cil- 
itieSi  her  extended  sea-eoasts,  will  be  the  foremost  nation  and  Kew 
Tork  the  oommercial  capitsd  of  the  world. 

Nicaragua  Canal, — From  New  York  to  Sau  Francisco  by  land  is  about 
3,000  miles,  by  water  it  is  about  15,000  miles,  yet,  notwithstanding  the 
greater  distance,  freijjht  is  ronstantly  sent  by  watrr.  From  San  Fran- 
cisco it  is  about  the  same  distaiK-e  by  water  to  either  New  York  or 
I/ondon.  If  a  w  attT-way  could  be  opened  across  the  Isthmus  oi'  l^aiiania 
from  one  ocean  to  the  other,  the  distance  from  York  to  San  F rau- 
cisco  would  bo  (liiiiinislicd  morethau  one-half,  and  JSan  Francisco  would 
be  over  milcis  lu  irrr  New  York  than  London.  The  first  proixi- 
sitiou  tor  canals  cx)nnecting  the  two  oceans  was  made  iu  1550,  sncr^^'st 
ing  two  routes,  by  Panama  and  Nicaragua;  and  explorations  and  sai 
veys  of  bolli  have  been  frequently  made,  and  various  attempts  made 
for  their  constnictiou. 

The  sucr^ss  of  the  Suez  Canal  induced  M.  de  Lesscps  to  undertake 
the  conncctiou  of  the  two  oceans  by  the  construction  of  the  Panama 
Canal,  believing  that  the  tonnage  passing  through  it  would  equal  that 
of  the  Suez  Canal.  This  work  has  not  been  successful;  the  canal  re- 
mains unfinished,  with  no  prospectus  of  completion. 

Several  hundred  miles  north  of  Panama  is  the  lowest  continental 
divide;  148  feet  above  tide  water  on  the  Pacific  slope  of  this  divide  is 
Lake  Nicaragua,  oonneeted  by  the  river  Saa  Juan  with  the  Atlantic; 
up  thiR  river  and  through  this  lake,  some  thirty  years  ago,  was  one  of 
the  regular  ways  of  inter-oommunieation,  both  for  freight  and  p;us8en* 
gers,  between  Kew  Tork  and  California, 

The  Maritime  Canal  Company  and  the  Canal  Construction  Company, 
organized  by  Americans,  have  obtained  concessions  from  Nieara^a, 
and  have  made  surveys  fi>r  canal,  slack-water,  and  lake  navigation  ftt>m 
Greytown  on  the  Atlantic  through  Lake  Nicaragua  to  Brito  on  the  Pa- 
cific, a  distance  of  170  miles.  A  harbor  has  been  opened  at  Greytown 
and  considerable  work  performed  on  the  canal.  The  Panama  route  had 
the  great  advantage  of  an  open  channel  from  ocean  to  ocean,  whereas 
the  Nicaragua  route  requires  several  locks  to  cross  the  divide^  bat 
Brito  is  some  600  or  700  mOes  nearer  CaUfbmia  than  Panama^  a  saving 
in  distance  that  wilt  compensate  for  the  delay  in  locking.  The  open- 
ing of  this  canal  will  be  the  greatest  lieiielit  that  could  be  eonfened 
ujK)!!  our  commerce  and  8hip})ing. 

Freights  by  water  between  New  Ydv]:  :iti(1  Califonua  are  now  so 
high  that  a  large  portion  goes  by  railroad.  The  effect  that  this  canal 
shoiihl  ]  i  nduce  will  be  evident  if  we  Consider  the  great  diflerence  in 
expeus*'  between  land  and  water  carriage.  Rail  rates  between  New 
York  and  Chicago  are  a  trifle  ov«r  0  mills  per  ton  per  mile^  while  tho 
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ocean  rntef^  cm  j;i  aiu  t«>  Liverpool  in  1 were  about  half  a  mill  per  tou 
I>ei-  mile;  and  1  mill  pvv  ton  per  mile,  or  $3  per  ton  from  Xew  York  to 
Liverpool  is  said  to  l>e  a  fair  rate,  while  the  all-rail  l  att-  between  "Sew 
York  and  Sao  I'ranei.sco  a\ erap's  from  f<40  to  $S()  per  ton,  according  to 
the  class  to  w  hich  the  frei};tht  beloii<,'s.  It  Uike-s  from  seven  to  ten  days 
to  go  from  Xew  York  to  I/iv<'r[HhiU  nearly  twice  as  lonfj  as  from  New 
York  to  San  Franeisc  o  by  rail,  thirty  days  by  Panama,  and  ouohuudred 
and  twenty  days  by  tin*  all  waler  route  around  Cape  Horn. 

The  openin^^  of  this  t  aual  will  therefore  reduce  the  frei^rht  on  goods 
between  the  East  and  West  at  lejust  thret'-t'onrth.s  and  ])ossibly  more. 
It  will  give  iLs  a  free,  easy,  and  cheap  communication  by  water  between 
the  Eastern  and  Western  States;  our  commerce  will  be  built  np,  and  the 
wealth  and  commerce  of  the  Atlantic  coast  and  the  population  of  tlie 
states  on  the  Pacific  coast  will  be  increased  in  a  wonderful  manner. 

The  opening  of  this  route  will  give  a  demand  for  laige  steamsbips, 
and  when  we  have  sach  ships  large  shipyards  and  machine-shops  will 
spring  up,  and  these  alone  are  wanted  to  enable  ns  to  build  and  ran 
ships  on  the  Atlantic  Ocean  in  competition  with  Great  Britain.  Then 
the  prediction  of  Mr.  Cramp  will  be  fhMlled,  that  Englishmen  will  be 
asking  one  anothra*, Oan  we  build  ships  as  economically  as  thejr  do  in 
the  United  Statesf 

Modes  of  conveyance. — The  earliest  transportation  of  merchanjlise  was 
by  caravans.  The  first  caravan  of  which  we  have  any  certain  account 
was  that  of  th<*  Ishmaelites  and  Moabites,  who,  while  they  were  travel- 
in<;  from  (iilead.  with  their  camels  b<»nriTij]:  spices,  balm,  and  myrrh,  to 
10;iyi>t,  bon;rht  »I(»seph  of  his  birthicn  and  sohl  him  as  a  slave  to  Poti- 
pliar.  These  caravans  were  loi  nuul  of  merchants  banded  to;retiier  for 
protection  under  a  ;rui<ie  and  header,  sometimes  numbering  several 
hundred,  with  one  thousand  camels  in  a  <  aravan.  They  travelled  from 
17  to  20  miles  a  day,  but  only  in  the  .spring  and  autumn  months.  At 
night  they  stn]»pwl  at  caravansaries,  where  fre«^  lodjjing  was  fnniishe<l 
to  men  and  beasts.  In  Turkisstau  and  Arabia  all  trade  an<I  travel  was 
by  similar  caravans  until  the  railroad  was  opened  across  tht;  desert,  by 
Merv  and  the  O.tus,  to  Samarcand. 

Navigation  was  first  by  boat,  and  ages  iiftcrward  by  vessels.  The 
earliest  vessels  of  which  we  have  any  acconnt  were  employed  in  carry- 
ing cattle  down  the  Nile,  and  wer<-  propelled  by  sails  and  rowers.  The 
vessels*  at  Urst  small  and  with  a  few  rowers,  were  slowly  increased  in  size 
nnd  number  of  rowers  until  three,  four,  and  even  five  banks  of  oars,  one 
over  the  other,  were  used.  They  were  often  from  1^  to  176  feet  long 
and  from  18  to  26  feet  in  breadth,  drawing  from  10  to  12  feet  of  water, 
and  sometimes  carrying  two  hundred  rowers  and  several  hundred  men. 
All  these  ships  were  without  decks,  whether  sailing  on  the  Mediterra^ 
nean  or  Atlantic.  They  sailed  by  day,  putting  into  harbor  at  night, 
and  never  losing  sight  of  land  unless  driven  by  stress  of  weather.  At 
H.  Mis.  a34,  pt.  1^—43 
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t\vst  tlu'.v  saile<!  only  witli  tlu'  wiiul.  \nn  \>\  slow  lU'jjrn-^  s  tlit^y  Iranif^ 
to  tack;  then  di-tks  \v«'n'  Imilt  ovt-r  tlu*  stern  and  juuw.  lenviii;,^  tin* 
midships  exposed  to  the  bijjh  seas.  This  ehiss  of  ^  cssels.  soiuetiiiies 
with  hanks  ot  o;ns.  contiriued  until  the  middle  ol  tlie  last  c««ntiirv.  In 
the  early  part  of  tlif  (irteenth  ei'iitury  smaller  hut  stroii«;er  v«'ss4ds  of 
better  nialerial  swn-  hiiilt  for  the  voyaj?<*s  ol discovery  undertaken  l>y 
llie  Portu^ruese.  At  this  time,  also,  the  niarijier's  eompass  was  broiiiiht 
into  f»:»*neral  use,  having  been  introdn<'e»l  iioiu  Arabia;  eighty  years 
later  it  iVmiid  its  way  to  Kughind.  Two  of  the  vessels  of  Cohiiiibus 
M  ere  decked  only  at  the  prow  aud  stern,  and  the  three  were  inanued 
by  120  men. 

The  arnnida  of  Queen  Elizabeth  ww formed  of  merduoit  vessels  fitted 
up  a.s  men  of- war,  and  not  until  the  time  of  Charles  I  were  there  any 
regular  ships  of  var  in  England  or,  probably,  in  other  conntries. 

Commerce  was  n^nally  oarried  on  by  companies,  with  rules  regulat- 
ing the  quantity  of  good»  to  be  exported,  so  that  the  market  should  not 
be  over-stocketl  and  unremunerative  prices  obtained.  Sometimes  the 
nieixjhaut  was  owner  of  the  vessel,  who  adventured  with  his  cargo  and 
sailed  in  his  own  ship.  The  ships  were  constructed  with  little  reference 
to  speed,  sailing  40  or  50  miles  a  day.* 

The  steam  engine  came  into  use  near  the  middle  of  the  eighteentb 
century  in  England,  and  two  generations  passed  before  it  was  used  on 
vessels.  *Tlie  first  steamboat  ran  on  the  Hudson  in  1807,  in  England  iu 
1812.  Then  another  generaticm  parsed  before  the  ocean  was  crossed 
by  the  Sirim  and  (ireat  Wottem^  in  1833.  Tliese  ships  sailed  fr«>m  7  to 
8  knots  an  hour.  Ten  yeiirs  later  iron  sliipswere  bitilt;  then  came  the 
propeller,  the  invention  of  Ericsson,  followe<l  by  vessels  built  <»f  steel, 
and  la^itly  the  Cii}f  of  Pttru  and  ilficj<?x/tr,  carrying  1,500  tonsof  firetght 
and  sailing  500  knots  a  day,  or  20  knots  an  hour. 

Until  the  present  century  all  eommi'rci'  iM'tween  remote  iKiints  was 
by  water,  exct'pting  in  tlie  Koinaa  Empire.  After  the  downfall  of 
Itome  there  was  neither  eommercr'  nor  travel  anduouBe  for  roads,  the 
cost  of  tninsportation  even  for  a  »Uurt  distan<'<^  exceeding  the  value  of 
the  g<MKls. 

The  railroad  was  intnubned  about  the  same  time  into  Kngland  aud 
America,  and  was  rapidly  extended  into  every  counlry.  The  steam 
engine  on  land  and  water  has  r*  volutioni/ed  the  methods  of  transpor- 
tation and  ei-eatiMl  a  new  commerce.  ''The  movement  of^^oods  in  a 
ye;i!-  on  all  the  tliroiiiLrh  routes  of  tite  \v(Mld  did  not  tlicn  e((ual  the 
iiH  i\  i  iiient  on  a  sin^^le  one  of  (jur  '^runk  lines  of  railioatl  f'oi-  Mie  same 
])eriod."  Formerly  it  cost  s-'lO  to  nmve  a  t^tn  of  freight  lOU  niiics;  now 
it  can  be  moved  l,.'>()(>  milt  s  tor  the  same  sum.  The  grain  and  corn 
from  our  \\'e>iern  l-.nols,  tin  n  not  worth  the  trans])ortation  to  the  sea- 
eoast,  are  now  sohl  in  London,  and  our  prairies  yield  t4»  the  Western 

""nuj  breailtli  wuM  about  «>ii<>-ri>iirth  the  K-iigtt]i,  ami  nut  until  within  forty  fMIB 
wore  the  proportions  of  one-tenth  or  one-twelfUi  of  the  breadth  obtained. 
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farmer  greater  profit  than  the  grain  lands  of  Eiififiaud  yield  to  the 
former  there.  The  land  commerce  created  by  8t<eam  probably  exceeds 
to-day  the  commerce  carried  on  the  water. 

The  cost  of  moving  freiglit  by  railroads  varies  greatly  in  different 
liartH  of  tlie  United  States  and  in  different  countries.  The  highest  cost 
west  of  the  Bocky  Mountains  is  two  and  a  quarter  times  more  than  in 
some  of  our  Middle  States,  The  average  freiglit  receipts  per  ton  per 
mite  in  this  country  is  $0.il22,  which  is  less  than  those  of  any  other 
country,  although  the  Belgian  and  Russian  rates  are  not  much  higher. 
In  England  the  rates  are  from  50  to  70  per  cent  higher  than  in  Amer- 
ica, and  in  the  other  countries  of  Europe  higher  than  in  England. 

lu  England  and  America  the  railroads  are  operated  by  private  com- 
panies ill  competition. 

In  France  railroads  are  operated  by  private  companies  regulated  by 
law,  the  country  being  divided  among  different  lines  of  road.  Lines 
are  constnicted  by  private  companies  and  run  at  rates  fixed  by  the 
Govermneiit. 

In  Belgium  and  Germany  the  principal  roads  are  owned  and  oi>er- 
ated  by  the  Government. 

Our  system  has  yielded  the  best  r(>snlt8  to  the  people. 

The  commerce  which  was  in  olden  times  transported  only  20  or  25 
miles  a  day  is  now  moved  iiOO  miles  a  day  by  water  and  800  miles  by 
land.  Correspondence,  then  (carried  no  faster  than  freight,  is  now 
borne  by  telegraph  to  the  farthest  ends  of  the  world. 

.Ml  these  changes  have  taken  place  within  a  single  generation;  for 
our  fathers  could  not  travel  any  faster  tluni  A  Icxander  or  Csesar.  Steam- 
8hii»s,  railroads,  and  tf'le?rni]>hs  within  that  time  have  transformed  all 
coninicrcial  trMnsa<:tions  and  (ho  methods  of  t'onimercial  business.  For- 
merly eight  uumtlis  were  required  to  exeiaite  an  order  in  In<lia  or  China 
and  obtain  the  retiiiii;  now  one  day  is  snflieient.  These  comnierritil 
changes  caused  a  revohition  in  tlie  modes  ot  imsiness,  and  were  flie  main 
factors  which  produce<l  the  monetary  disturbances  of  1873.  the  etlectsof 
whicli  we  yet  feel,  no  long  has  it  taken  the  world  to  adjust  itself  to  its 
new  relations. 

The  future  of  commerce. — The  commerce  of  the  world  originated  in 
Asia;  it  was  carried  to  Airica  and  thence  to  Europe,  and  from  Europe 
to  America.  Tliis  movement  can  go  no  farther  westward,  for  on  the 
other  Hide  of  the  Pacific  is  Ohina,  which  has  successfinlly  resisted  eveiy 
attempt  of  the  European  to  encroach  upon  her  domains,  and  India  with 
its  teeming  population  of  250,000,000 ;  so  that  Americsi,  the  last  of  the 
continents  to  be  inhabited,  now  receives  the  wealth  of  India  and  Asia 
l)onring  into  it  from  the  west,  and  the  manufiM^tnres  and  population  of 
Europe  from  the  east.  Here  the  east  and  west,  different  from  each 
other  in  mental  power  and  (civilization,  will  meet,  each  alone  incomplete, 
each  essential  to  the  fullest  and  most  symmetrical  development  of  the 
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Other.  Here  vriSi  be  tbe  great  banking  and  commercial  hmutee  of  the 
world,  the  center  of  basiuess,  wealth,  and  population. 

The  end  18  not  yet.  luventions  are  increasing  in  a  geometric  rather 
tlian  an  arithmetic  progresttton.  The  limit  of  steam  power  haa  not 
been  reacheil,  for  with  a  high  temperature  in  a  steam  boiler  tbe  addi- 
tion of  a  few  pounds  of  coal  increases  the  steam  power  so  greatly  that 
we  are  unable  either  to  control  or  to  use  it. 

Electricity  has  just  begun  to  offer  new  opportunities  to  commerce. 
We  are  uo  longer  compelled  to  cwry  our  factories  to  the  water  power, 
for  by  the  electric  wire  the  power  may  be  brought  to  the  house  of  the 
operative^  and  we  may  again  see  the  private  workman  supersode  the 
fm  tory  operative.  A  few  cars  and  small  vessels  are  moved  by  elec- 
tricity, the  foreninner  of  greater  things.  We  know  little  of  this  new 
agency,  but  its  future  growth  must  be  more  rapid  and  more  wonderful 
than  tlint  of  steam. 

The  Secn  tary  of  the  Smithsonian  Institution  (Mr.  Laugley)  tells  ns 
that  "before  tiH  iiK  oiiimg  of  the  twentieth  century  aerial  uavigutioii 
will  be  an  estal)]isli('(l  fact." 

"The  deeper  the  insight  we  obtain  into  the  mysterious  workings  of 
nature's  forces," says  Siejuens,  "the  more  we  are  coiiviutjed  that  we  are 
still  standin;;  in  the  vestibule  of  science;  that  an  nnexph)red  worUl  still 
lies  bi'tnre  us;  and  however  much  wc  may  discover,  \vc  know  not  whether 
mankind  w  ill  ever  arrive  at  a  full  knowledge  of  nature." 
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By  Dr.  ^fnu  Bois-Betmond,  F.  B.  S. 


I. 

VV'e  are  assembled  to  diiy  in  annual  oonmiemoration  of  a  mnn  wliose 
mnrvpllons  hroadth  of  view  and  extraordinary  variety  of  interests  are 
ea<  h  time  a  fresh  surprise  to  us.  It  scleras  ineredible  that  the  same 
hand  (  (mid  have  penned  the  Protogc^a^  and  the  stat(^  pai>er  adjudging; 
the  Principality  of  Neufchatel  to  t!ie  Kin^^of  l*russia,  or  that  the  same 
mind  c<mhl  have  conceived  the  infinitesimal  cnlenlns  iiiid  the  true  mea44- 
ure  of  forces,  as  well  as  the  pre-established  hartiioiiy  and  the  "Then- 
dicea."  A  closj'r  examination  however  reveals  a  blank  in  the  uni- 
versality of  his  genius.  We  seek  in  vain  for  any  connection  with  art, 
If  we  excejd  the  Latin  i)oem  composed  by  Leibnitz  in  praise  of  Brand'8 
discovery  of  phosphorus.  We  need  hardly'  uientiun  that  liia  **Ar8 
Combinatorial*  lias  notliing  to  ilo  with  the  fine  arts.  In  his  letters  and 
works  observations  on  the  beantifnl  are  few  and  far  betw<M>n ;  once  he 
discnsses  more  at  length  the  pleasure  exciteil  by  music,  the  cause  ot 
which  he  attributes  to  an  equable^  though  invisible,  order  in  the  ehordal 
vibrations,  which  raiseth  a  sympathetic  echo  in  our  m  inds."  However, 
the  world  of  the  senses  had  little  reality  for  Leibnits.  With  his  bodily 
eye  he  saw  the  Alps  and  the  treasures  of  Italian  art,  but  they  conveyed 
nothing  to  his  soul.  He  was  indifferent  to  beauty;  in  short,  we  never 
surprise  this  Hercules  at  Omphale^s  distaff. 

The  same  neglect^  at  least  of  sculpture  and  painting,  strikes  us  in 
Voltaire,  who  as  polyhistorian  can  in  some  measure  compare  with  Ijeib- 
uitz.  We  are  obliged  to  descend  as  for  as  the  third  generation— tliat 
is,  to  Diderot  in  France,  to  Winckelmauu  and  Lessiug  in  Germany— 
before  we  meet  with  a  decided  interest  in  the  fine  arts  and  an  appreci- 
ation of  the  part  th^y  play  in  the  progress  of  civilization. 

*  An  sMldreso  dehvered  at  the  annual  mectiug  of  the  Koyal  Academj  ot  St  k'uccs  uf 
Berlin  in  eonunemocntion  of  Leibnite,  on  J uly  3, 1890.  Translated  by  liU  ilftughter. 
Tbia  address  wm  firat  printed  in  tbe  weekly  reports  {SUtungabtrkhte)  of  the  Berlin 
Acadeniy>  then  in  Dr.  Rodcuberg's  DeuUchc  RundichaUf  and  lastly  it  w:i.s  piiblisliml 
aa  a  separate  pamphlet  by  Veit  A  Co.,  at  L«ip/,i<i:,  Wn.  (From  Xature,  December 
31, 1891,  and  Jauaary  7,  18»2}  vol.  xlv,  pp.  200-2OI,  and  224-227.) 
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Tho  ])(Tiod  tliiis  (Ii'HihmI.  ili(Hi«ili  iL  excels  in  sfiouoe,  sliows  with  few 
ex(*e]»tin!)s  a  f;il1inj4' oil"  in  the  iiiw  arts.  On  <  oiisidt'niii^  tlic  histuiital 
(h*V(  IdpiiM'iit  of  thene  twobrancheiior  human  productiveness  we  find  no 
(Mil  i»  .sjM»nd«Mi(  i'  whatever  between  their  individual  progress.  When 
Greek  sculpture  was  in  its  prime,  seienee  soareely  existed.  Tme,  Leo- 
nardo's jjiy:anticp<'rsonality,  whii'h  corn  I  lines  the  luiniortai  artist  with  tlie 
pliysicist  of  hi«;h  rank,  towers  at  the  beginnin|j  of  tlie  e]XK'.h  peiu  i  .tlly 
know  II  in  the  history  of  art  as  the  Cin«|ueeento.  Still,  he  wa«  too  far  in 
advance  ot  his  ajje  in  the  hitter  (^apaeity  to  be  eit«d  as  an  exanii>le  of 
simultaneous  development  in  art  and  seieruM';  so  little  that  (ialilei  was 
born  the  day  <»f  Miehatd  Angelo's  death.  The  iiuitual  develojunenl  in  art 
and  sciienee  at  tlie  eommeneement  of  our  century  is,  I  believe^  merely  a 
Ciisual  (  (uncidence  J  moreover,  the  line  arts  have  since  been,  at  the  hi»t^ 
Stationary,  whereas  science  strides  on  vietorionsly  toward  a  bonmlless 
fliture. 

In  fact,  both  branches  differ  too  widely  for  the  services  rendered  to 
science  by  art,  and  vice  rernOj  to  be  other  tliau  external.  Nature,'' 
Goethe  very  truly  observed  to  Bckermaiiu — ^little  thinking  how  harshly 
this  rc'inark  reflects  on  ]nirt  of  Ills  own  scientiftc  work — Nature  allows 
no  trifling;  she  is  always  sincere,  always  serious,  always  stern;  she' is 
always  in  the  right,  and  the  errors  and  mistakes  are  invariabV  oiirs,^ 
Fully  to  appreciate  the  truth  of  this,  otie  must  be  in  the  habit  of  trying 
one's  own  hand  at  exiieriinents  and  observations  while  gazing  in 
Natiu'e's  ixslentless  conntenance,  and  of  bearing,  as  it  were,  the  tTeuieii< 
dons  responsibility  incurred  by  the  statement  of  the  seemingly  niost  in- 
sigidficant  fai^t.  For  every  correctly  interpreted  experiment  means  no 
less  than  this:  Whatever  occurs  under  the  present  cireamstauces 
would  have  ocenrred  under  the  same  conditions  before  an  infliiite  nega- 
tive perioil  of  time,  and  would  still  occur  after  an  infinite  i>ositive 
peno<l.  Only  the  matheniat  ieiaii,  whose  method  of  rescar(*h  has  more 
in  common  with  that  of  the  experimenter  than  is  generall>  snpfiosed, 
ex|)erienees  the  same  feeling  of  I'esponsibility  in  presence  of  Nature's 
eternally  inviolable  laws,  liotli  are  sworn  witnesses  before  the  tribu- 
nal of  reality,  strivinjr  for  knowledge  oi'  the  univ4'rse  as  it  actually  i.s, 
within  those,  limits  to  which  we  are  C4infined  by  the  nature  of  our  Intel' 
lect. 

lloAvever,  there  is  a  ('ompefisation  tor  the  philosopher,  laboring  under 

this  anxious  pressuie,  in  the  eoiisci(»usn<^ss  tltat  the  slijjhtest  of  his 
achievements  will  carry  him  one  step  beyond  the  lii^ihest  reached  ])y 
hisgreatest  predecessor;  that  possibly  it  ma\  t  ontain  the  uerm  of  vastly 
important  theoretical  revelations  and  practical  results,  as  Wyllaston's 
lines  eonrained  the  }j:erm  of  spectral  analysis;  that,  at  any  rate,  such  a 
reward  is  not  only  in  tlie  reach  of  a  born  genius,  but  of  any  consrien 
tious  worker:  and,  tiually,  that  si  i(»nce,  by  subduing  nature  to  the  rule 
of  the  hnni.tn  mtrllcet,  is  the  chief  instrument  of  civilization.  No  real 
civih/atiou  would  exist  without  it,  and  in  its  absence  nothing  could  pi'e- 
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ventonr  civilization,  indading  art  and  itfi  maRter  ^rks,  from  crnmbling 
away  again  hopeleHHly,  iiiS  at  tlie  decline  of  the  ancient  world. 

ThisoonMcioiisueaM  will  also  make  up  to  the  philosopher  for  the  thonght- 
leasnesB  of  the  maltitade,  who,  while  ei^joying  the  benefltK  thus  lavished 
upon  them,  hardly  know  to  whom  they  owe  them.  The  country  rings 
with  the  name  of  every  fashionable  musical  virtuoso,  and  cyclopedias 
insure  its  immortality.  But  who  repeats  the  name  of  him  who  achieved 
that  supreme  triumph  of  the  inventive  inteUect— to  convey  through  a 
copper  wire  across  far-stretching  countries  and  over  hill  and  dale  the 
sound  of  the  human  voice  as  though  it  spoke  in  our  earf 

<'Iiife  is  earnest,  art  is  gay;'^  this  saying  of  Schiller's  remains  as  tme 
if  we  substitute  scienci'  for  life.  Art  is  the  realm  of  the  beautiful;  its 
productions  fill  us  with  an  eujoymeut,  half  sensuous,  half  ititelh  ctual; 
it  is  therefore  a  realm  of  Ii1)erty  in  the  widest  sense.  No  rigid  laws 
are  enforced  in  it;  no  stern  logic  binds  the  events  of  the  present  to 
those  of  the  past  and  future  no  certain  signs  indie^ite  success;  blame 
and  praise  are  distributed  by  tlie  varying  taste  of  ages,  nations,  and 
individuals,  so  that  the  glorious  Gothic  church  architecture  came  to  be 
derided  by  the  eighteenth  century.  In  art,  the  definition  of  genius  as 
a  talent  for  patience  does  not  hold  «r<)od.  Its  <  reations,  once  brought 
forth  in  a  happy  hour  of  revelation,  stir  our  souls  with  elementary  force, 
and  scorn  all  abstruse  explanations,  Nubs(M|ucntly  forced  ni)on  th<Mn  by 
art  criticism.  Whoever  aeeomplishes  .such  a  feat  also  ministers  in  a 
sense  to  the  cares  ;ni<I  troiihh's  of  hnnianity.  ITnfortunately  the  nature 
Olthiii-is  does  not  allow  such  fruit  to  ripen  ;il  seasons;  atone  time, 
in  one  direction,  the  culniinatini:  point  will  l)e  rebelled,  and  then  age 
after  age  will  strive  in  vain  to  emulate  tlie  past.  Tlie  linest  .T^sthetic 
tiieories  can  neither  carry  the  individual  beyond  the  limits  of  his  own 
natural  powers,  nor  retrieve  the  fortunes  of  a  deelinirig  period.  Of  what 
use  has  been  the  recent  strife  in  tlie  artistic;  world  U  twcen  naturalists 
and  idealists!  Has  it  [noWeU'i\  us  from  the  frefpiently  almosi  intoler- 
able extravagan<*es  of  the  latter  ?  There  is  an  attraction  in  every  lK)Idly- 
advane«'d  novelty  which  the  common  herd  is  unable  to  resist,  and  which 
will  invariably  triumph  till  antiquated  ideas  are  somehow  surplanted 
by  fresh  ones,  or  by  the  lofty  rule  of  some  irresistibly  superior  i)ersonality. 
Kor  can  science  in  the  stricter  sense  eome  to  the  aid  of  art;  and  thus, 
stningers  at  heart,  without  materially  influenc  i  n  each  other,  each  seelss 
its  own  way,  the  former  advancing  steadily,  though  irregularly,  the 
latter  slowly  fluctuating  like  a  mtuestic  tide.  Those  unfiimiliar  with 
Hciciice  are  apt  to  recognize  the  supreme  development  of  our  mental 
faculties  in  art  alone.  Doubtless  this  is  a  mistak(> ;  yet  human  intellect 
shines  brigfaest  where  glory  in  art  is  coupled  with  glory  in  science. 

We  qiay  notice  something  here  which  is  similar  to  what  occurs  in 
practical  ethics.  The  more  corrupt  the  morals  of  an  age  or  nation,  the 
more  we  find  virtue  a  favorite  topic.  The  flood  of  sBsthetic  theories 
risea  highest  when  original  creative  power  is  at  its  lowest  ebb.  Lotse, 
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in  his  *•  History  of  Esthetics  iu  Germany,''  *  gives  a  wearying  and  dis- 
ootiraginj^  account  of  such  fruitiest^  efforts.  Philosophers  of  all  schools 
have  revelled  in  absract  definitious  of  thr  essence  of  beauty.  They 
call  it  unity  in  multiplicity,  or  fitness  witlnmt  a  purpose,  or  nncon- 
sdous  rationality,  or  the  transcendant  realized,  or  the  enjoyment  of  the 
harmony  of  tlx*  abs(»lute,  and  so  forth.  But  all  these  proi)ertieR,  which 
are  sup]>osed  to  tonstitute  the  beautiful,  have  no  more  to  do  with  our 
actual  sensation  ot  it  thi\u  the  vibrations  of  light  and  sound  with  the 
qualities  they  bring  to  our  perception.  Indeed,  it  would  be  vain  to 
attempt  to  find  one  term  equally  fitted  to  describe  all  the  varieties  of 
the  beaut i fill;  the  b<'aiity  of  cosmos  as  eontrasted  with  <diaos,  of  a 
mountain  ju'osiKM-t,  a  sym]>li<»iy,  or  a  jxteiii,  of  KiHtori  in  M<»dea,  f»r  a 
rose;  or  even,  takin;;  the  tine  ai  ts  alone,  the  l)eauty  of  the  < 'oh^gne 
Oathedral,  th<>  "Hermes"  of  Praxiteles,  the  Afndoniia  Sistina.a  iMctiifc 
of  stilMit'e.  a  landscape,  a  genre  piece,  or  a  laivniesc  llowei  design; 
not  to  uient ion  tinMinestionablc  custom  whu-h  lu'rinits  us  in  (iermau  to 
speak  of  a  be«iiUitnl  tiusti'  or  a  beautiful  smell.  Let  us  ratln  r  admit  that 
here,  as  so  often,  we  meet  with  something  inexplicable  iu  oni  organi- 
zation; something  inexpressibh*,  thi>ugh  not  the  less  distinctly  felt, 
without  whieli  life  would  offer  a  <hill  and  rheeriess  aspect. 

In  an  essay  of  f^t  itiUer's  tfiere  is  a  disquisition  on  physical  beauty,  f 
lie  distinguishes  between  an  architectural  beauty  and  a  beaui  >  wiiit  h 
emanates  from  grace.  1  attaeke<l  this  a'Sthetic  rationalism,  to  which 
the  last  century  was  strongly  addicted,  twenty  years  ago  on  a  similar 
oiM'asion  in  a  lecture  on  Leibnitz's  idcivs  iu  mcxlern  scient'C.  I  ventured 
to  assert  that  <Hbe  attraction  which  physical  beauty  exerts  on  the  op- 
posite sexes  can  as  little  be  explained  as  the  effects  of  a  melody .''|  On 
reflection,  it  seems  indeed  incomprehensible  why  one  distinct  shape, 
which,  according  to  Fechner,  might  be  represented  by  a  plain  algebraic 
equation  between  three  variables,  should  please  us  beyond  a  thousand 
other  possibilities.  The  reason  can  be  traced  from  no  abstract  principle, 
no  rules  of  architecture,  not  even  from  Hogarth's  line  of  beauty.  A 
year  after  this  remark  was  made,  Charles  Darwin  published  his  Ile- 
ficent  of  man,''  in  which  the  principle  of  sexual  selection,  only  cursorily 
treated  in  the  Origin  of  Species,"  is  fully  expounded,  and  pursued  in 
all  its  bearings.  I  remember  vividly  how,  in  a  discussion  with  Dove  as 
to  the  necessity  of  admitting  a  vitiil  force,  he  embarrassed  me  by  the 
i>bjection  that  in  the  organic  world  luxury  occurs,  for  example,  in  the 
plumage  of  a  peacock  or  a  bird  of  Paradise ;  while  in  inorganic  nature 
>laupertnis's  law  of  the  minimum  of  action  precludes  such  prodigality. 
Here  was  a  solution  of  the  problem,  allowing  that  one  might  attribute 
to  animals  acertain  sense  of  beauty.  The  gorgeous  nuptial  plumage  dis- 
played by  male  birds  may  have  been  acquired  through  the  preference  of 

'  Munich,  1S08. 

t    Ufher  Jnmuik  und  WUrde:' 

tThe  author'B  **  Colheied  Adirenet^  eto,"  voL  i,  pp.  49,  BO,  L«lpsigyl886. 
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the  female  for  moro  hi^^hly  ornamented  suitors,  a  progeny  of  constantly 
iiirreasing  brilliam  y  of  (  ((loring  being  thus  obtained.  Male  birds  of 
Paradise  have  been  observed  to  vie  in  sho\viii<^  off  their  beauty  bef<»re 
the  females  during  courtshij).  The  {lower  of  i>ong  in  nightingales  might 
be  atti'ibuted  to  tlie  same  cause,  the  female  in  this  case  being  more  sus- 
ceptible to  the  eharins  of  melody  than  to  those  of  brilliant  coloring. 
Darwin  goes  on  to  observe  that,  in  the  hinuau  race  likewise,  certain 
sexual  characteristics,  such  as  the  imposing  beard  in  man  and  the  lovely 
tresses  in  woman,  might  have  been  acquireil  through  sexual  selection.* 
It  18  a  weU-known  fiiet  that,  by  rci)eated  introduction  of  handsome  Cir- 
cassian slaves  into  aristoeratic  Turkish  harems,  the  original  Mongol 
type  in  many  cases  has  been  remarkably  ennobled.  And  carrying  the 
same  principle  further,  we  may  find  therein  an  explanation  for  the  Ihs- 
cination  which  female  beauty  has  for  man.  According  to  oar  pres- 
ent views,  the  first  woman  was  not  made  of  a  rib  taken  out  of  the  first 
man — a  process  fraught  with  morphological  difilculties.  It  was  man' 
himself  who,  in  countless  generations,  through  natural  setection, 
fhshioned  woman  to  his  own  liking,  and  was  so  fashioned  by  her.  This 
type  we  call  beautifhl,  but  we  need  only  to  east  a  glance  at  a  Venus  by 
Titian,  or  one  by  Rubens — let  alone  the  difi'erent  human  races — to  recog- 
nize how  little  absolute  this  beauty  is. 

If  one  kind  of  beauty  could  be  said  to  be«r  analyzing  better  than 
another  it  is  what  might  be  termed  mechanical  beauty.  It  is  notioed 
least,  btH-ause  it  escapes  all  but  the  practiced  eye.  This  kin<l  of  beauty 
may  belong  to  mivchines  or  physical  apparatus,  ea<!h  part  of  which  is 
exactly  fitted  t<»  its  purpose  in  size,  shape,  and  iwsition.  It  answers 
more  or  less  to  the  dettnitiou  of  unconscious  rationality,**  our  satis- 
faction evidently  proceeding  from  an  unconscious  perce]>tion  of  the 
right  means  having  been  employed  to  combine  solidity,  lightness,  and, 
if  necessary,  mobility,  with  tin*  greatest  {Hissiblc  profit  in  the  transmis- 
sion of  force  and  the  smallest  waste  of  material.  A  driving  belt  is 
certainly  neitht^r  atfracfive  nor  ntiattiaclive:  but  it  pleases  the  rtHus 
m«/?7j/.v"  to  sec  a  eonne<'t  ing  rod  t  l»i<'kcn  iVoui  the  eitds  towards  the 
middle,  where  it  has  to  l)ear  the  greatest  strain.  Of  coarse,  this  kind 
of  beauty  is  of  rec«»nt  oriuin.  I  remend>er  llalske  telling  nie  tliat.  as 
rei^ai'ds  the  e<»nstnict ion  ol'  physical  atid  astrononiicnl  ins! rnrncitts.  it 
was,  lo  his  knowledge,  tirst  understood  and  establislied  as  a  ju mciple 
in  Germany  by  Geoi  ii  s  on  Keieheubach  in  Munich.  Berlin  and  Munich 
work-siiops  pro<lu<*ed  insi l  uinents  of  pertect  mechanical  beauty  at  a 
time  when  thosi')  suppli«Hi  i)y  France  and  Huglaud  were  still  olteu  dis- 

*  The  author  in  not  unaware  of  Mr.  Walluco's  attack  on  Darwin's  c^xfilatmttou  of  the 
briiliiint  plumage  «»f  ninl«>  binln  by  tli**  iVuiales'  prefL'reiu-is  anil  of  the  iliHcuHMioti 
arisen  hotwocti  him  :nnl  .Mi'Hnrs.  Poult<in,  Porork.  iin»l  Pockljaiii.  TliiB  wa**  nf»t  the 
proper  platf  to  enter  into  it,  the  less  ho  03,  whatever  may  b«-  its  oute^iiuu,  the  author's} 
eoiudiMioii  from  the  theory  of  sexual  aelectlou  would  remain  unaltered. 
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flared  hy  aimlessly  onianieDted  columns  and  cornices,  unpleaAantty 
m'-iilUii;;  the  impure  features  of  Bococo  flimiture  and  architecture. 

I  rui^^et  which  French  mathematician  of  thelaat  century,  in  si^ht  of 
tlte  cnpola  of  8t.  Peter's  at  Bome,  trieil  to  acconnt  for  the  seiifie  tif  per. 
feet  fiatiMfactiou  it  givea  tt>  the  eye.  He  meaoared  out  the  curvea  of 
the  cupola,  and  found  that,  according  to  the  rules  of  higher  stattcts  its 
shape  suppIieK  the  exact  niaximnm  of  stability  under  the  given  eirrnm- 
stances.  Thus  Michael  Angelo,  guided  by  an  unerring  instinct  in  thi'^ 
constmctiim  of  his  model  (the  cupola  was  not  erected  till  after  hhi 
death),  unconsciously  solved  a  problem  the  true  nature  of  which  he 
could  hardly  have  nnderstcKMl,  and  which  was  even  beyond  the  reach 
of  the  mathematical  knowledge  of  his  age.  Apparently  however 
there  are  several  roots  to  this  equation  of  beauty;  at  least,  there  is  one 
other  type,  for  which  1  quote  the  cuiiola  of  Vat  de  Gr&ce  in  Paris, 
which,  if  not  as  imposing,  is  quite  as  gratifying  to  the  eye  as  Michael 

It  will  bo  observed  that  in  this  rase  inechanical  beauty  becomes  part  of 
the  art  of  architecture;  and  instances  of  this  kind  are  daily  gi'owiii^'  more 
frequent,  our  modern  iron  struetures  being  more  favonible  to  itn  dis> 
play  tlian  stone  buil<linf]fs.  In  the  I'^iii'el  tower  we  see  mechanical  beauty 
struirjjlinj;  with  the  abs4*n(  «' ot'plastie  Ix'auty.  On  this  ix;easion  it  was 
probably  rev«*aled  for  the  llrst  time  to  many  who  hitherto  had  no  op- 
portunity of  e.\perienein{j:  its  elVeet.  It  is  eertainly  not  wantinj;  in  the 
new  Fortii  Hrid.tr<'.  Tlicre  is  uo  doubt  however  that  in  stone  struc- 
tures too,  toj;»'fhrr  with  much  that  pleases  from  habit  or  tra<lition, 
there  are  certain  tcatiires  which  evidently  attra«:t  throujjjh  nuH-lianieal 
beaiit  v  — snch  as  the  outline  ot' the  arcliitccturul  members  of  a  biiiMiuir, 
or  tin'  ueiitle  swellini:  iind  tapering  ot"  the  I  )oi  i(;  column  towards  the 
top,  and  its  expansion  in  the  echinus  and  ;dt:iciis;  and  thci-e  are  others 
wliich  olleiid  a  lelined  laste  Ihifu^ij  the  .i^^ent'c  of  this  beneficial  ele- 
ment, such  as  tlic  meaningless  ornamentatiuns  ot  tlic  lvo<  oeo  style. 

l"'v<Mi  in  (U'jLianic  nature  mcehanical  beauty  prevails  to  such  an  extent 
that  it  li  ansfiu  nis  many  objects  into  a  source  of  <]eli;iht  and  adniii  atioH 
to  the  iiiit iat<'d.  w  liieli  are  naturally  repulsive  to  the  untranu'd  eye. 
Anatomists  recognize  il  with  pleasure  in  the  structure  of  tlie  boue«t, 
especially  of  the  Joints,  In  tlieir  opinion  the  ''Dance  of  iK-ath^out- 
ra«:<*s  ji^ood  taste  tVi>m  more  reasons  than  because  it  difters  from  the 
classical  i-cuu-eption  of  death.  Mechanical  be^iuly  was  alreaily  |>er- 
ceived  by  Henvenuto  (.'ellini  in  the  skeleton,  much  t4>  his  credit;  ai  d 
but  for  our  imperfect  knowledge  it  would  invest  with  its  glory  every 
orgtuiic  form,  down  to  the  inhabitants  of  the  aquarium,  even  under  the 
very  mlcmscope.  According  to  Prof,  Sehwendencr,  even  plants  are 
constnieted  on  the  t^ame  principle  of  fitness  combined  with  thrift;  and 
something  of  this  we  feel  at  sight  of  a  spreading  oak  tree  proudly  dis- 
tending its  vigorous  branches  towards  air  and  sunlight. 

Again,  our  ai>predation  of  the  forms  of  animals,  especially  of  noble 
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l>reeds,  is  •jreatly  iiifiuciKrtMl  by  iiie<;luuii<  al  bounty.  The  jjjrpyhound 
and  tb»'  bulldog,  tlu^  fiill-bred  tjkm'  horso  and  the.  bre\v«M*'s  dray  horse, 
the  Southdown  and  tht^  Meruio  8hee[),  tiie  Alpine  <;:ittie  and  tlie  Dntrh 
niilch  cow,  all  tir^  boaiitifnl  in  their  kind,  even  though  a  bulldog  or  a 
Percheron  may  iippear  ugly  to  the  uninitiated,  beeanHe  in  each  the  type 
of  the  species  has  beiMt  tnodilied  to  the  utmost  ile^^  reo  of  fitness. 

Though  scien(;e  is  uniilile,  as  we  have  seen,  to  dieck  the  oet^isioiial 
decline  of  art  and  inspire  it  with  fresh  vigor,  yet  it  renders  invaluable 
services  of  a  different  kind  to  artists  by  increasing  their  insight,  im- 
proving their  techniciil  means^  teaching  them  useful  rules,  and  preserv- 
ing tliem  from  mistakes-.  I  do  not  allude  to  anything  so  primitive  as 
the  manufacture  of  colors  or  the  technique  of  casting  in  bronze;  the 
less  so,  as  curiously  enough  our  modern  colors  are  less  durable  than 
those  of  entirely  unscientific  ages,  and  theiinsnrpasseil  thinness  of  the 
casting  of  Greek  bronzes  is  regarded  as  a  proof  of  their  authenticity'. 
Nor  does  it  seem  necessary  to  recall  the  notorious  advantages  of  this 
kind  for  whicli  art  is  indebted  to  science*  Linear  perspective  was  in* 
vented  by  Leonardo  and  Dflrer— artists  themselves.  It  was  followed 
by  the  laws  of  ret1(M;tion — unknown  to  ancient  painters,  ^v8  would  a|>- 
l>ear  from  the  Ponipeian  frescoes  of  Xarcissus — and  by  the  geonu'trical 
construction  of  shadows*  The  rainbow,  whi<;h  had  better  not  be  at- 
tempted at  all,  has  been  sinned  against  cruelly  and  persistently  by 
artistH,  in  si>it4'  of  optics.  Statics  fnrnished  the  rules  of  e(|uilibriuin 
80  essential  to  sculptors.  Aerial  ])erspe^'tlve,  again,  owes  its  develop- 
ment to  paint>ers  eliietly  of  northern  climates. 

13ut  to  this  fun<l:imoiitril  stock  of  knowledge  thr  j^rogross  of  science 
has  added  various  lu  w  and  import aiit  ac(|uisiti(nis,  w  liich  philosophers, 
some  of  lirst  rate  nhility,  have  r'ii(l«';i\ ored  to  phu  t-  within  the  reach  of 
artists.  The  grtiiit  masters  ai  bygone  ages  were  taiiglit  by  instinct  to 
cond)ine  the  right  colors,  as  women  <d"  t^iste,  aiMMirdinL;  to  J<vliii  Miiller, 
alwa\  s  know  how  to  blend  tiie  riglit  shades  in  their  dress;  and  Oriental 
carpel  weavers  have  not  been  behindhand  with  them  in  that  n  spcct. 
iiut  the  reason  why  they  unconsciously  su<*<*eed  was  not  revealed  nil 
the  ehler  Darwins,  Goethe,  Pwrkinye,  . I olin  Miiller,  and  others  «  alh'd 
into  cxist4»iice  a  subjective  physiology  of  th«^  sense  of  sight.  A  mem- 
ber of  tiiis  academy,  Prof,  von  I>riieke,  in  liis  Physiology  of  C{d(n*s''* 
an<l  "Fragments  from  tlie  iheoiy  of  tiie  I'ine  Arts  in  relation  to  Indus- 
trial Artj^'t  tn'ats  these  subjects  with  sneli  intimate  knowledge  as  could 
indy  be  obtained  by  one  who  enjoyed  the  rare  advaiitage  of  combining 
l>hysiological  learning  with  an  artisti<'  education  acquired  in  his  fatherV 
studio.  In  France  Glievreul  pursue<l  siuiiiar  aims.  Even  Prof.  y<»n 
Itelmholtz,  in  his  popular  lectures,  has  devoted  his  profound  knowledge 
of  ])hysiological  optics  to  the  service  oi  art,  which  already  owes  him 
important  revelations  on  tho  nature  of  musical  harmony.  Amongst 

"id  «!ditioii,  Leipzig,  1887. 
t  Leipzig,  1877. 
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other  thinjjfs,  lie  explaiiietl  the  rt^latioii  i>etween  the  <lifferent  iotensities 
oi  ii^lit  ai  objcctH  of  the  »<;tual  world  ami  those  on  the  paintcr'.s  pal- 
ette, and  pointed  out  the  means  by  which  the  diffieulties  arising  there- 
from may  be  overcome.*  Thus  painters,  us  von  Briieke  remarks,  have 
it  in  their  power  to  reproduce  the  dazzling  effect  of  the  dlRlc  of  the  gun 
by  imitating  the  irradiation — a  defect  of  oar  visnal  perc^don,  the  true 
nature  of  which  was  recognized  hy  von  Hebnholtz.  An  example  of 
this,  interaeting  through  its  boldness,  is  the  lovely  Gastell  Gandolfo  m 
the  Baczynski  gallery. 

There  are  so  many  and  striking  instances  of  such  imperfections  of 
the  hnman  eye  that,  notwithstanding  its  marvellous  capabilities,  von 
Helmholtz  has  observed  that  ^*  he  would  feel  himaelf  justified  in  oen- 
soring  most  severely  the  careless  workmanship  of  an  optician  who 
offered  him  for  sale  an  instrument  with  similar  defects,  and  that  he 
would  emphatically  refuse  to  take  it.**  The  eye  being  the  chief  organ  of 
artists,  its  defects  are  of  great  importance  in  art  and  its  history,  and 
artists  would  do  well  to  inform  themselves  not  only  on  those  defects  in 
general,  but  more  particularly  on  those  which  they,  in  their  own  per- 
sons, are  subjeot  to;  for,  as  Bessel  remarked  of  astronomical  instro- 
ments,  ''an  error  once  well  ascertained  ceases  to  be  an  error.** 

( hiT  <'onc4;ption  of  the  stars  as  stars,  in  tht^  Bhape  adopted  symboli- 
eally  by  de<M n  ative  art,  is  caused  by  a  defect  of  the  eye  ch>sely  related 
Uy  irradiation,  stai*s  being  luminous  spots  in  the  sky  without  rays,  as 
they  actually  ai)i)ear  to  a  privileged  few.  Prof.  Kxner,  whose  line  of 
thought  we  shall  n'peatedly  cross  in  the  course  of  the^  refllectionss 
justly  remarks  that  to  this  imperfection  the  Kt-ars  conferred  by  sever* 
eigns  as  marks  of  distincti<»n  <»we  fhi  ir  origin  and  startishes  their  name 
even  sinc<'  IMiny's  time.  Tlie  ditterent  varieties  of  halo,  however,  are 
more  prohalily  tVi'eborn  rhildn^n  «>f  niir  fnncy — from  the  Byzantine 
massive  gohien  diskd(»\vii  (<>  t  he  mild  pliosphoi  ('s<  ence  j)roceeding  frnin 
h()l\  heads  and  in  Torrrg^io's  "Night"  from  tlie  entire  chiUl,  which 
illuuiiiics  the  s('<  iM'  with  a  liglit  of  its  own.  According  to  Prof.  Kxner, 
glories  of  the  iatterdt'sci  ipl  ion  an*  d»'i  ivcd  from  tlic  radiiiiH-e  which 
surnmnds  the  shadow  ol'  om^\s  own  head  in  the  sunsliine  on  a  dewy 
meadow,  and  \v  hi<  h  in  I'm  t  has  always  lieeu  ctmipand  t(»  liah»s  in  reli 
gious  pif'hires.  This  jjjienomenon  even  misled  Benvmnro  Cellini  into 
the  pious  (lelnsion  that  it  was  a  gilt  granted  him  indiviilually  from 
above,  and  a  relleetion  of  his  visions,  such  as  Moses  brought  down  from 
Mount  Sinai. f 

Certain  otherwise  (piite  inexplicable  peculiai  ities  which  distigure  the 
lat<T  works  of  the  distiuguisiied  hind.scapc  painter  Turner  have  also 
been  traced  tt>  defects  of  the  eye  l)y  Dr.  Kichard  Liebrcich.J  Clouded 

*  Prof,  von  nelmlioltz,  ('olUcti-tl  Essuf/a  ami  Addremf&t,  vol.  li,  Bnuiswick,  1881. 
t'*ri/rt  di  Hrtirrnntt)  frUirn.  srriitu  <lu  Iiii  iiic<le.siiiu>/'  Hbro  priiuo,  r\x\n. 
jTuruer  ami  Miilrcady  :  J  h»  Kgect  of  verlatH  Famlt$  of  Fmon  on  t'ainttng,  «3to. 
London.  1888. 
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lenses  or  u  high  dogn'C  of  astigmatiHiii  might  easily  lead  a  paiutei*  to 
distorl  or  blur  objects  he  was  copying  from  nature.  Donder's  stenoptic 
spectacles  or  eylindrioal  spectaeles,  as  the  ease  might  be,  would  prove 
as  useful  to  such  au  artist  as  concave  glasses  to  the  short-sighted. 

The  siugolarities  of  another  BugUsh  painter,  Mulready,  are  aecounted 
for  by  Dr.  Liebreich  through  discoloratiou  of  the  lens  from  old  age. 
Another  defect  of  the  eye,  color-blindness,  ought  to  be  mentioned  here, 
which  in  its  milder  forms  is  of  frequent  occurrence,  and  even  belongs  to 
the  normal  eondition  of  the  egre  on  the  borders  of  tiie  field  of  vision. 
It  corresponds  in  the  domain  of  hearing  to  the  want  of  musical  ear. 
Color-blindness  was  known  long  ago,  but  has  been  inquired  into  with 
redoubled  zeal  latterly,  partly  with  regard  to  its  general  connection 
with  chromatics,  partly  on  account  of  its  serious  practical  consequences 
in  the  case  of  sailors,  railway  officials^  and,  as  Dr.  liebreich  adds,  of 
painters.  Both  color-blindness  and  want  of  ear  are  inborn  defects,  fi>r 
which  there  is  no  remedy.  A  color-blind  artist  is  however  better  off 
than  a  musician  without  an  ear,  if  such  a  one  were  imaginable,  for, 
even  if  he  neglected  the  mahl-stick  and  the  chisel,  he  might  still  seek 
hiR  fortune  in  the  designing  of  cartoons. 

It  is  difficult  to  lU  termine  the  particular  point  where  optical  knowl- 
edge ceases  to  be  of  use  to  artists.  !None  will  repent  having  studied 
the  laws  of  the  movement  of  the  eyes,  the  difi'erence  between  near  and 
distant  vision,  and  the  observations  on  the  expression  of  the  human 
eye  contained  in  John  Miiller's  early  work  on  "Comparative  Physiology 
of  Siglit."  Yet  it  must  be  admitted  that  a  painter  may  paint  an  eye 
exceedingly  well  witlimit  over  liaviiifr  lieard  of  Sanson's  images,  which 
cause  the  sott  luster  of  a  fjt  iitle  eye  as  well  as  the  lierc^'  Hash  ol  an 
anjrry  one;  as  little  as  the  blue,  sky  of  a  landscape  painter  will  gain  by  his 
knowledge  of  the  yellow  brushes  in  every  ^aeat  circle  of  the  heavenly 
vjnilt  which  passes  thronjrh  thesun — a  phenomenon  which  has  remained 
unnoticed  lor  <  niiiitless  ajuos,  but  has  growu  tamiliar  to  physiologists 
since  Haidiuj^ei's  discovery. 

One  point,  howe\ cr,  where  physicists  seem  to  me  not  to  have  been 
surticiently  consulted  18  the  mncli -debated  rpiestion  of  polycUiome  in 
ancient  statues  and  architecture,  and  whether  it  should  be  adopted  l)y 
modern  art  or  not.  Physical  experiments  teach  that  very  intense 
illumination  causes  all  colors  t4>  appear  whitish;  iu  the  spectrum  of  the 
sun,  seen  immediately  throu^ih  the  telescope,  the  colors  vanish  almost 
entirely,  iioiiiin^  remaining  except  a  light  yellow  hue  in  the  red  end. 
As  the  eohjrs  grow  whitish  the  glaring  contrasts  are  softened,  they 
blend  more  harmoniously.  In  the  open  air,  therefore,  our  eye  is  not 
shocked  by  the  scarlet  skirt  of  the  eoniadina^  which  recurs  almost  as 
invaiiably  in  Oswald  Achenbach's  Campagna  landscapes,  as  the  white 
horse  in  Woavermann^s  war  scenes.  The  Greek  statues  and  buildings 
may  have  looked  well  enough  with  their  glaring  decorations  under  the 
hdfht  southern  sky  on  the  Acropolis  or  Qi  tbe  Poikilej  in  tb«  dull  light 
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of  OUT  northf^rn  liome,  above  all  in  dosed  rooms^  they  are  rauiewhat 
out  of  place. 

Id  another  direction  Wheatstone  has  added  valuable  information  to 
the  knowledge  of  painters  and  deRigners  Trith  his  stereoscope.  It  dem* 
ou8trates  the  fteudamental  difTerence  which  distingnishes  binocular 
vision  of  near  objects  from  monocular  vision,  as  well  as  from  binocular 
vision  of  objects  so  far  removed  that  the  distance  between  the  eyes 
vanishes  as  compared  with  their  distance.  An  impression  of  8(»lidtty 
can  only  be  obtained  by  each  eye  getting  a  different  view  of  an  object, 
the  two  images  being  fused  into  one,  so  as  to  appear  solid.  A  painter 
can  therefore  only  express  depth  by  shadini;  and  ai'rial  persi>ective;  he 
will  never  be  able  to  xirodiiee  the  impression  of  actual  solidity  on  his 
cai I  vas.  While  Wheatstone's  x)Beado3c()i>e  exhil nts,  the  unheard-of  spee- 
tacleof  a  concave  human  face,  Ilelmholtz's  tele-stereosoope  magnifies, 
as  it  were,  the  space  between  the  eyes,  and  resolves  a  far-off  range  of 
woods  or  bills  without  aerial  perspetitive  into  its  different  distances, 
I'inally.  Hnlske's  stereo8CO],)e,  with  movable  pictures,  confirms  old  Dr. 
Kobert  Smith's  explanation  of  the  much-debated  circumstance  that  the 
sun  and  moon  on  the  horizon  appear  lar|2:er  hy  almost  a  fifth  of  their 
diameter  than  when  seen  in  the  zenith,  and  reduces  the  problem  to  tlio 
otlior  (|U(>sti(m:  why  the  vault  of  the  sky  appearH  to  us  fiatteued  in- 
stead of  hemispherical. 

However,  f  lie  almost  conteiii|H»rary  invention  of  photography  was  des- 
tined to  be  ot  vastly  greater  im])urtaiu'e  to  the  tine  arts.  It  had  always 
been  the  (b  eam  of  artists  as  well  as  physicists  t^»  fix  Delia  Porta's 
ehanuiii^  jjietiu  cs — a  dream  the  realization  of  w  hich  did  not  seem  quite 
impossible  since  the  discovery  ot  cliloridc  of  silver.  One  must  have 
witnessed  Daguerre's  ia\  entiou,  and  Ara;;()'s  report  of  it  in  the  Chamber 
of  Deputies,  to  conceive  the  universal  enthusiiism  with  wiiieh  it  was 
welcomed.  Daguerre's  methoil,  being  comphcated  and  of  resti'icted 
application,  was  S(Km  cast  into  the  shade  by  the  one  still  essentially 
juacticed  at  the  present  day.  H«»wever,  it  is  worth  rec<^>rding  that, 
when  the  fiist  specimens,  imperfect  as  they  were,  rea(;hed  us  from  Eng- 
land, no  one  Ibresaw  the  immense  success  in  store  for  Talbotyi^es ;  on 
the  contrary,  the  change  from  silver-coated  plates  to  paper  impregnated 
with  the  silver  salt  was  received  with  doubt  and  conaidmd  a  retro- 
gression. 

Thus  photography  entered  on  its  marvellously  victorious  career. 
With  respect  to  art^  it  promptly  fulfilled  what  Arago  had  promised  in 
its  name.  It  not  only  facilitated  the  designing  of  architecture,  interi- 
ors, and  landscapes,  and  rendered  the  camera  clara  unnecessary  even 
for  panoramas,  but  also  furnished  many  valuable  hints  with  regard  to 
light  and  shade,  reflection  and  chiaroscuro,  and  the  general  means  of 
reproducing  as  closely  as  possible  on  a  level  surface  the  raised  appear- 
ance of  solid  forms.  A  competent  judge  of  both  artu  might  find  it 
an  interesting  task  to  ascertain  what  share  photography  has  bad  in 
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the  origin  of  the  luodeni  schools  <>t  painting  and  in  the  manner  of 
impressionists  and  pleinairists.  It  further  taught  lan(ls('ai)e  painters 
to  dejiict  rocks  and  vegetation  with  geological  and  botani(;al  accuracy, 
and  to  represent  glaciers,  uim  li  hitherto  had  been  but  rarely  and  never 
successfully  attempted.  It  caught  and  fixed  the  chaiij^ang  aspect  of 
the  clouds,  though  only  yielding  a  siuuewhut  restricted  survey  of  the 
heavens.  It  aided  iM)rtrait  ])ainters,  without  exciting  their  jealousy; 
for,  unable  to  rival  them  in  representing  the  average  aspect  of  persons, 
it  oDly  seized  single,  often  slmined  and  weary,  expressions,  rendering 
almost  proverbial  tiie  comparison  between  a  bad  portrait  and  a  photo- 
graphed iluse;  nevertheless  it  supplied  them  on  many  occasions  with 
an  invaluable  groundwork,  lacking  nothing  but  the  animating  touch 
of  an  artist's  hand. 

However,  the  recent  progress  of  photographic  portraiture  claims  the 
attention  of  artists  in  more  than  one  respect.  Duchenue  and  Darwin 
called  into  existence  a  new  doctrine  of  the  expression  of  the  emotions; 
the  former  by  galvanizing  the  muscles  of  the  face,  in  order  to  imitate 
different  exiircssions,  the  latter  by  inquiring  into  their  phylogenetic 
development  in  the  animal  series.  Both  presented  artists  with  photo- 
graphs which  quickly  consigned  to  oblivion  the  copies  hitherto  employed 
for  purposes  of  study  in  schools  of  art,  dating  chiefly  ih»m  Lebran; 
even  the  sket(!hcs  in  Signor  Mantegazza^s  new  work  on  *'niysiojrnomy 
and  Mimics^  will  scarcely  enter  into  competition.  On  Mr.  Herbert 
Si>encer's  suggestion  Mr.  Francis  (ralton  subsequently  solved  by  the 
aid  of  photography  a  problem  whi(^h  was  previously  quite  as  inac- 
cessible to  painters  as  the  re])resentation  of  an  average  expression  to 
photographers.  ITe  combined  the  average  features  of  the  face  and 
skull  of  a  sutticient  nund>er  of  persons  of  the  same  ;ige,  sex,  ]M-ofe8sion, 
culture,  or  disposition  to  disease  or  vice  in  one  typical  jiortiait,  witich 
exhibits  only  those  chjiracteristic  forms  common  to  tlicir  vai  ious  dis- 
positions. This  was  cftect(Ml  by  blending  on  one  negative  the  faint 
ima.ucs  of  a  sci  i(  s  of  [m  rsons  Ix'longing  to  the  same  description.  In 
the  sa?M»'  nKiiiHcr  i*rof.  liowditi  li.  of  Harvard  Medical  hool,  Bost<»n, 
obtained  tiie  represcntativ*'  face  or  tyj)e  of  American  .^tudrntsof  both 
sexes  and  of  tramway  roiulucturs  and  drivers.  In  the  latt^-r  instance 
the  intellectual  superioi  ity  of  the  conductors  t)vcr  tlii  ihivers  is  plainly 
visible.    How  Lavatcr  and  (iail  wniild  have  relished  thisi 

Of  course  the  average  exj»ie>sioii  of  a  single  person  might  be  \n'o- 
cured  by  similai  means,  if  it  were  worth  while  snuiiniiig  uj»  on  the  same 
l)Iate  repcatt'd  ]>hot4).urai)hs  of  ditl'rrcnt  expressions.  Instantaneous 
ph(»tography,  lio\ve\  «'r,  lui  aishcs  u  welcome  substitute  for  the  average 
exju-ession,  by  seizing  with  lightning  swiftness  the  changini^  pliascs  of 
the  hiunan  (rounteinince  in  their  full  vivacity.  Here  again  pathology 
places  itself  at  tlu'  disposal  of  art.  M.  Charcot  has  found  that  photo- 
graphs of  the  convulsions  and  facial  distortions  of  hysterical  patients 
resemble  our  classical  representations  of  the  possessed.  Aaphael'a 
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realism  in  this  lespect  is  perhaps  the  most  euriotifi  of  all,  being  Mimaoh 
at  variance  with  his  idealistic  nature.  In  the  possessed  boy  of  the 
**Tran8flfniration  "  a  cerebral  disease  can  be  almost  safely  inferred  from 
the  Magendie  position  of  the  eyes,  and  the  circumstance,  recently  ob- 
served in  New  York,  that  the  left  hand  is  depicted  in  a  spasm  of  athe- 
tosis would  accord  well  with  this  diagnosis.* 

II. 

There  is  yet  aiiotluT  direction  in  which  art  owes  iustnu-tive  tliwios- 
u res  to  the  progress  of  ]»hotograpliy.  In  the  year  1830,  the  Brothers 
William  and  Edward  W  eber  represented,  in  their  celebrated  ^v^l  k  on 
the  "Mechanism  ol'  the  llninan  Locomotive  ApparatuH,"  a  person  in 
the  act  of  walking  in  those  attitudes  which  according  to  theoretical 
calculation  must  occur  successively  during  one  step.  Thence  a  strauge 
fact  became  apparent.  At  the  beginning  and  end  of  each  step,  while 
the  body  rests  for  a  short  time  on  both  feet,  the  pictures  agree  per- 
fectly with  the  ordinary  way  in  which  painters  have  been  accustomed 
to  represent  walking  persons.  But  during  the  middle  of  the  step, 
while  one  foot  is  swinging  past  the  other,  the  effect  is  highly  eccentric, 
not  to  say  ludicrous.  The  individual  appears  to  be  stumbling  over  his 
own  feet  like  a  tipsy  fiddler,  and  nobody  had  ever  been  seen  walking  in 
such  a  way.  On  the  last  page  of  their  book  the  Brothers  Weber  pro- 
pose to  test  the  correctness  of  their  diagrammatic  figures  by  the  aid  of 
Stampfer  &  Plateau's  strobosoopic  disks  in  the  shape  of  Homer's 
DsBdaleum,f  which  has  (strange  to  say)  returned  to  us  from  America  as 
a  new  invention,  under  the  name  of  "zoetrope''  or  even  "vivantoe- 
cope;''  but  whether  the  proposal  was  carried  out  or  not  does  not 
appear. 

However,  William  Weber  lived  to  s^  his  assertions  thoronghly 
justified  almost  htJf  a  century  later  by  instantaneous  photography. 
It  was  first  put  into  pt  n(»tice  in  1872  by  Mr.  Eiidweard  Muybridge  at 
the  suggestion  of  Mr.  Stanford,  in  order  to  fix  the  consecutive  attitudes 
of  horses  in  their  diflerent  paces.  The  result  was  the  same  as  in 
Weber's  diagrammatic  figures;  pictures  were  obtained  which  nobody 
could  believe  to  have  been  seen  in  re.ality.  On  photographs  of  street 
life  and  processions  the  camera  frequently  surprised  people  in  attitudes 
quite  as  odd  as  those  attributed  to  them  by  the  brothers  Weber  on 
theoretical  ^irounds.  Th«'  same  is  the  ease  witli  the  reniarkat>le  series 
of  ph()t<)<;rai>hs  of  a  flying  bird  during  one  beat  of  its  wings,  obtained 
by  M.  Marey  with  his  photographic  gun. 

Tlie  explanation  is  known  to  be  as  follows:  An  objert  in  motiou,  the 
speed  ot  which  varies  periodically,  leaves  a  deeper  and  more  lasting 

*Sftcb«  &,  PetetBen,  "A  Stady  of  Cerobnl  Palslea/'  etc.,  Jimnui  •/  iArwM  mmi, 

Menial  Diamse^t,  Now  York,  May,  1890. 
i  Fhilo9ophical  Magasine,  January,  1834,  3d  e«ri«s»  vol.  n,  p.  36. 
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impression  on  our  mind  in  tiiose  positions  which  it  occupies  longest, 
whQe  the  impression  is  fainter  and  more  fleeting  in  those  through 
which  it  passes  quickly.  Apart  from  all  knowledge  of  this  law«  a 
painter  wonld  never  represent  a  Dutch  clock  in  a  cottage  with  the 
pendulum  at  the  perpendicular,  as  every  spectator  would  inquire  why 
the  clock  had  been  stopped.  The  pendulum,  having  swung  in  one  di 
rection,  necessarily  stops  for  a  moment  while  pnsparing  to  return  in 
the  other,  and  consequently  its  diverging  position  is  more  vividly 
stamped  on  our  minds  than  those  during  which  it  passes  through  its 
position  of  rest  with  a  maximum  of  speed.  Precisely  the  same  thing 
occnrs  with  the  alternately  swinging  legs  of  a  man  during  the  act  of 
walking;  the  body  remains  longest  in  the  position  in  which  both  feet 
support  it,  and  shortest  in  that  during  which  one  foot  swings  past  the 
other.  We  therefore  n  reive  sciireely  any  impression  ftom  the  latter 
serieK  of  attitudes.  We  imagine  a  walking  person,  and  painters 
accordingly  represent  him,  in  the  interval  between  two  steps,  with 
both  feet  touching  the  ground. 

In  the  case  f)f  a  running  horse,  however,  particular  circumstances 
intervene.  However  rapid  tlie  succession  of  iustautaneons  photo- 
graphs, we  never  obtain  the  usual  image  of  a  racing  horse  such  as  it 
apiKiars  in  large  numbers  in  the  print-shops  at  the  racin^c  season,  and 
such  as  we  suppose  we  a<'tnally  see  in  reality.  It  is  diflerent  in  tlie 
ease  of  man ;  there  among  pictures  obtained  methwlically  or  by  chance, 
which  have,  so  to  speak,  never  been  perceived  by  the  naked  eye,  some 
will  always  occur  which  atxree  with  the  usual  aspect  of  a  walking  per- 
son. The  ditTerenee  (  (tu^ists  in  t  liis,  that  in  a  nicing  horse  the  interval 
of  time,  during  which  the  foi  e  le;.^s  remain  in  coniplete  extension,  does 
not  coincide  with  that  during  whicii  the  hind  legs  are  fully  extended. 
I><>tb  these  positions  prevailing  in  our  memory,  they  are  subsequently 
blended  into  the  traditional  ]>icture  of  a  race  horse,  whereas  instan- 
taneous ]diotography  fixes  them  successively.  Consequently  the  tra- 
ditional i)icture  is  wn)ng,  and  exhibits  tlie  horse  in  a  position  through 
which  it  does  not  even  transitorily  pass. 

In  the  year  1882,  an  illustrated  American  paper  brought  outa  pictnre 
of  a  steeple  chase,  in  which  all  the  horses  are  copied  from  Muybridge's 
photographs,  in  attitudes  only  visible  to  a  rapid  plate.  This  ingenious 
sketch  was  communicated  to  us  by  Prof.  £der  in  Vienna,  iu  a  pamphlet 
on  instantaneous  photography,  and  a  stranger  spectacle  can  not  well 
be  imagined.  The  correctness  of  these  apparently  wrong  pictures  can 
however  be  proved  by  realizing  the  idea  originally  suggested  by  the 
brothers  Weber,  and  integrating  into  a  general  impression  the  period* 
icat  motion  which  has  been  resolved,  as  it  were,  into  differential 
pictures.  This  is  done  by  gazing  in  the  diedaleum  at  a  series  of  photo- 
graphs taken  at  sufficiently  brief  intervals  from  an  object  in  periodical 
motion,  or  illuminating  or  projecting  it  momentarily  during  its  rapid 
flight  past  the  eye.  The  latter  method  has  been  put  into  practice  by 
H.  Mis.  334,  pL  I  13 
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Mr.  Muybridge  bimsolf  in  his  ^'zoopraxiscope,**  and  with  uk  in  the 
electric  stroboscope  by  Mr.  Ottomar  An.schiitz,  a  raost  sltillful  handler 
of  instaDtaTie4>us  photography.  In  both  iiiBtriinietits  we  see  men  and 
horses  reduml  to  their  natoralinodeot' walking,  running,  or  Jumping— 
with  one  excc])tion.  The  speed  with  which  the  slits  of  the  dtedaletun 
pass  ]>efore  the  eye,  or  the  period  during  which  each  picture  is  illnmi- 
iiated,  being  exactly  the  smn»'  (oi  the  whole  series,  the  general  eU'ect 
l)roduee<l  is  somewhat  dittereut  Irom  what  it  would  be  in  real  life. 
On  Mio  whole,  however,  tlio  position  in  which  both  feet  are  toncliiug 
the  grouml,  i)revail.s,  bocansc  tho  motion  of  the  lejjrs  slackens  when 
approaoliing  this  position,  so  that  tho  pictures  follow  each  otbei'  more 
closely  and  almost  coincide. 

The  series  of  instiintaneous  photographs  taken  by  Mr.  Miiybridge 
and  Mr.  Ansehiitz  from  au  athlete,  dnriii;^  t  lx  p<»rformanee  of  a  mus- 
cnhireftbrt,  are  an  inexhaustible  source  of  iiistiuctiou  to  students  of 
tlu'  nude.  Mr.  An.schiitz's  stroboscope  exhil)its  a  stone  and  a  s])o:ir- 
thrower  in  all  the  different  stagesof  their  violeut action j  their  niii<< !»  s 
are  seen  to  swell  and  slacken,  until  linally  the  missile  is  represeiiud 
after  its  discharge,  as  it  can  not  move  atiy  faster  than  the  hand  in  the 
act  ol  hiu  liii^  it.  Animal  i>aintcrs  will  hml  t^pially  useful  the  instau- 
taneou-ii  i)liotograi)lis  wliich  .Mr.  Mnybridge  and  Mr.  Ansehiitz  have  ob- 
tained from  domestic  :uid  wild  animals. 

I"'ven  on  breakers  in  a  stcuiny  sea  the  camera  has  been  employed 
with  sui  iirisiug  success.  In  making  use  of  these  photographs,  painters 
should,  however,  remember  tiiat  the  human  eye  can  not  see  the  waves 
as  a  rapid  plate  does,  and  beware  of  producing  a  pictnre  wbieh  in 
tain  respects  wonld  be  quite  as  incorrect  as  the  dock  which  appears  to 
have  been  sto)>ped,  or  the  man  stumbling  over  his  own  feet. 

Finally,  the  traditional  representation  of  lightning  in  the  shape  of  a 
fiery  zigzag  has  been  recently  proved  by  Mr,  Shelford  BidweU,  on  the 
evidence  of  two  hundred  instantaneous  photographs,  to  be  just  as 
wrong  as  tho  traditional  picture  of  a  racing  horse.  Mr.  Eric  Stuart 
Bruce  endeavors  to  vindicate  the  zigzag  by  taking  it  for  a  reflection  on 
cumulus  clouds;  *  it  is,  however,  dilfleult  to  understaiid  how  its  shatp 
angles  can  be  accounted  for  in  this  way. 

Prof,  von  Brficke  has  devoted  a  special  essay  to  the  rules  for  the 
artistic  rendering  of  motion,  which,  together  with  the  laws  on  the  com* 
bination  of  colors,  have  at  sJl  times  been  unconsdonsly  followed  by  the 
great  masters. 

A  cultivated  and  artistically  gifted  eye,  supported  by  sufficient  tech- 
nical knowledge,  was  always  able  to  coro])Ose  genuine  works  of  art  in 
photograi)hy,  as  Mrs,  Cameron  long  ago  i)roved.  in  onr  days,  Dr.  Vi- 
anna  de  Lima  han  shown  how  this  branch  of  art  has  been  advanretl 
and  extended  by  intttautaneous  photography.  It  contributea  a  solution 

•  Ifatttrcf  vol.  XLii,  pj).  151  aud  197. 
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to  Conti-8  (lucstion  in  Lessing- a ''Emilia  G.alotti" — whether  Raphael) 
had  ho  beon  }h)tu  without  hands,  woiiUl  not  the  ]om  luive  been  the 
greiitest  of  painters.  Tho  ])hnto{]jraphic  plate  ha8  b(M3n  described  as 
the  true  retina  ot  the  phil()s<ii>lier:  ;nul  one  might  swld,  of  the  artist,  if 
it  were  not  unhickily  a!mfist  eolor-blind.  Unfortunately,  theoretieal 
reasons  which  oxp*  t  k  lu  e  will  hardly  contradict  render  it  highly  im- 
probable that  the  expectations  still  entertained  by  artists  and  the  gen- 
eral public,  with  regard  to  photography  iu  uatural  colors,  will  ever  be 
realize<1. 

Whether  photography  does  not  act  unfavorably  on  the  repr<Mluetive 
arts,  sueh  as  engraving,  lithography,  and  woodeiitting,  by  taking  their 
place  to  an  increasing  extent,  remains  to  be  proved.  Its  fidelity  is  cer- 
tainly such  as,  111  a  certain  sense,  to  lower  the  value  of  the  original 
drawings  of  old  masters,  by  making  them  common  property.  An  exhibi- 
tion, arranged  by  one  of  our  art  dealers  several  years  ago,  of  the  best 
engravings  of  the  "Madtmna  della  Sedia,^  together  with  a  photograjih 
from  the  original,  first  opened  our  eyes  to  the  extent  to  which  each 
master  has  embodied  in  his  copy  his  own  indi^nal  conception.  Bat 
even  were  photography  to  cause  such  a  retrogression  in  the  reprodnc- 
tive  arts,  of  what  importance  wonld  that  be,  compared  to  the  immeasnr- 
able  services  which,  as  a  means  of  reproduction  itself,  it  renders  art, 
by  disseminating  the  knowledge  and  eiyoyment  of  artistic  work  of  all 
kinds  and  periodsf  No  one  can  fhlly  estimate  and  appreciate  what  it 
has  done  to  beaatify  and  enrich  onr  life,  whose  memory  does  not  reach 
back  into  those,  as  it  were,  prehistoric  times,  <<when  man  did  not  yet 
trayel  by  steam,  write  and  speak  by  lightning,  and  paint  with  the  sun- 
beam." 

Is  it  credible,  afber  all  this,  that  there  can  be  any  need  of  mentioning 
the  benefits  derived  by  art  from  the  stady  of  anatomy!  Has  not  the 
''Gladiator''  of  the  Palazzo  Borghese  given  rise  to  the  coigectnre  that 
there  were  anatomical  mysteries  among  the  Greek  artists,  as  the  only 
means  by  which  they  could  have  obtained  such  complete  mastery  of  the 
nndet  Was  it  not  through  incessant  anatomical  studies  that  Michael 
Angelo  acquired  the  knowledge  ne^'essary  for  the  nnprtHiedented  bold- 
ness of  his  attitudes  and  foreshortenings,  which  are  still  a  source  of  ad- 
miration to  anatomists  such  as  Prof.  Uenke  and  Prof,  von  BriickeT 
Has  not  provision  been  made  hy  all  governments  that  methodically 
encourage  art  to  af!brd  to  students  an  opportunity  of  training  the  eye  on 
the  dead  subject  to  note  what  th(\v  will  have  to  distinguish  under  the 
living  skin?  Have  not  three  sueeessive  teachers,  who  afterwards  be- 
came members  of  thisacademy,  been  intrusted  with  this  important  duty 
in  Berlin t  iMuaily.  do  we  iiotimssess  excellent compeudluws of  auat- 
on>y  s{)Peially  adapted  to  the  use  of  artists? 

And  yet  themu.st  renowned  Kngiisii  art  critic  of  the  day,  who  in  his 
country  i  n  joys  the  reputation  and  veneration  of  a  lycssing,  and  who 
lays  <lowu  riie  law  with  even  more  assurance — Mr.  John  Kuskin — 
explicitly  forbids  his  pupils  the  study  of  anatomy  in  his  lectures  on 
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*<The  Relation  of  Natural  Science  to  Art,***  given  before  tlie  Uniyer- 
aity  of  Oxford.  Even  iu  the  preface  he  deplores  its  peniicious  influence 
on  Mautegna  and  Dlirer,  as  contrasted  with  Botticelli  and  Hollx'in, 
who  kept  free  from  it.  The  habit  of  contemplating  the  nnatoTnieal 
structure  of  tbc  human  form,''  he  continues,  not  only  a  hindrance; 
but  ade^i^radation,  and  lias  been  essoTitially  destructive  to  every  school 
of  art  in  which  it  hivs  been  practiced."  Ac<'ording  to  him,  it  misleads 
]>ainter^,  as  for  instance  DUrer^  to  see  and  represent  nothing  in  the 
human  face  but  the  skull.  The  artist  should  "  take  every  sort  of  view 
of  animals,  in  fact,  except  one — the  butcher's  view.  He  is  never  to 
think  of  tlif'in  as  bones  and  meat." 

It  would  l)e  waste  of  time  and  trouble  to  refute  this  false  doc  trine, 
ami  to  set  forth  what  an  indispensable  aid  anatomy  pves  to  artists, 
witliout  which  they  are  left  to  ^rope  in  the  dark,  it  is  all  very  well 
to  trust  one's  own  eyes,  but  it  is  better  still  to  know,  for  instaucc.  Imw 
the  male  and  femtile  skeleton  difler;  \\\\y  ilie  kneecap  I'ollows  the  dire<- 
tion  of  tln»  foot  (luriiij^  extension,  and  nut  dui  iii^^  ticxioii  tjf  tli*^  le;r: 
why  the  ])roiile  of  the  u])jK'r  arm  during  supination  of  the  hand  <litlerH 
from  that  diu  injj  i)roiiation;  or  how  the  folds  and  wrinkles  of  the  face 
corresp(M!(i  to  the  nmscles  beneath.  Camjie's  facial  angle,  thonjrh 
supercetled  for  higher  purposes  by  l*rof.  Virchow's  basal  Jingle,  still 
reveals  a  world  of  information.  It  is  hardly  conceivable  how,  without 
knowledge  of  the  skull,  a  forehead  can  be  correctly  modelled,  or  the 
shape  of  a  forehead  such  as  that  of  the  Jupiter  of  Otricoli  ^  or  the 
*'  Hermes be  rightly  understood.  Of  course  fanciful  exaggeration  of 
anatomical  forms  may  lead  to  abnse,  as  is  frequently  the  ease  with 
Michael  A  ngelo's  snccessors;  however^  there  is  no  better  remedy  a^iust 
the  Michael  Angelesque  manner  than  earnest  study  of  the  real.  Finally, 
a  superficial  knowledge  of  comparative  anatomy  helps  artists  to  avoid 
such  errors  as  an  illustrious  master  once  fell  into,  who  gave  the  hind- 
leg  of  a  horse  one  joint  too  many;  or  such  as  amuses  naturalists  in  the 
crocodile  of  the  Fontaine  Cuvier  near  the  Jardin  des  Plantes,  which 
turns  its  stiff  neck  so  far  back  that  the  snout  almost  touches  the  flank. 

We  are,  however,  less  surprised  at  Mr.  Buskin's  opinions,  on  learn- 
ing that  he  similarly  prohibits  the  study  of  the  nude.  It  is  to  be  con- 
fined to  those  parts  of  the  body  which  health,  eustom,  and  decency 
permit  to  be  left  uncovered,  a  restriction  which  certainly  renders 
anatomical  studies  somewhat  superfluous.  It  is  satisfiictory  to  think 
that  decency,  custom,  and  health  allowed  the  ancient  Greeks  more 
liberty  in  this  resj)ect.  Fortunately,  the  English  department  of  the 
Berlin  International  Exhibition  four  years  ago  has  convinced  us  that 
Mr.  Buskin's  dangerous  paradoxes  do  not  yet  generally  prevail,  and 
that  :ire  free  to  forget  them  iu  ouradmiratidTi  of  Mr.  Alma  Tadema's 
and  Mr.  Herkomer's  paintings.  Nor  conld  Mr.  Walter  Crane's  charm- 

*  "The  Eagle's  Neat:  Tea  Lectures  ou  the  Relation  of  Natural  Science  tu  Art,'* 
1897. 
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iiij;  illnstratioiis.  th(^  (h^li^rlit  of  our  nurseries,  Jiavc- been  priKluced  with* 
out  (lisi t'}4ar«l  of  Mr.  KuskiiTs  jiropost<'mns  dortriiu'. 

ill  ihe.  siiuii5  loctuiv,  Mr.  lluskiii  o])iK)st»s  with  tlic  nfiiiost  vcheiiu'rHM' 
the  theory  of  evolution  and  natural  scltH'tion,  uiul  llio  ii-sthetic  i  iilt 
Ibuudcil  ou  it,  u('<  ()r(liii^4  to  which  vertebrate  animals  should  not  be 
represents  with  more  than  four  lej?8.  "  Can  any  law  t)e  toiicfived," 
he  sayB,  **niore  arbitiais,  or  more  apparently  causeless?  What 
strongly  planted  three-legged  animals  there  laigiit  have  been!  what 
systematically  nuliant  live  legged  ones!  what  volatile  six -winged  ones! 
what  circumspect  seven-headed  ones!  Had  Darwinism  been  true,  we 
Blioiild  long  ago  have  split  our  heads  in  two  with  foolish  thinking,  or 
thrust  out,  from  above  our  covetoas  hearts,  a  hundted  desirous  arms 
and  ehitehiug  hands,  and  changed  ourselyes  into  Briarean  Cephalo* 
poda." 

Obviously,  this  false  prophet  has  no  notion  of  what  in  morphology  is 
called  a  type.  Cau  it  be  necessary  to  remind  a  countryman  of  Sir 
Bichard  Owen  and  Prof.  Huxley  that  the  body  of  every  vertebrate  ani- 
mal is  based  on  a  vertebral  column,  from  which  it  derives  its  name, 
expanding  at  one  end  into  a  skull,  reduced  to  a  tail  at  the  other,  and 
surrounded  before  and  behind  by  two  bony  ghrdles,  the  pectoral  and 
the  pelvie  arches,  from  which  depend  the  fore  and  hind  limbs,  with 
their  typical  jotntsi  The  very  fusst  that  paleontology  has  never  known 
any  form  of  vertebrate  animal  to  depart  from  this  type  is  in  itself  a 
striking  argument  in  favor  of  the  doctrine  of  evolution  and  against 
the  assumption  of  separate  acts  of  creation,  there  being  no  reason 
why  a  free  creative  power  should  have  thus  restricted  itselt  So  little 
will  nature  deviate  from  the  type  ouce  given  that  even  deformities  are 
traced  back  to  it  by  teratology.  They  are  not  really  monstrosities; 
not  even  those  with  a  single  eye  in  the  middle  of  tlu^  forehead,  which 
Prof.  Bxner  takes  to  be  prototypes  of  the  Cyclops,  Flazman  being  cer- 
tainly mistaken  in  represcmting  Poly])henius  with  three  eyes — two  nor- 
mal ones  which  are  blind,  and  a  third  in  the  forehead.   li<'.al  monstros- 
ities iirv,  those  winged  shapes  of  Kastern  origin,  invented  by  a  riotous 
fancy  while  art  was  in  its  childhood ;  the  bulls  of  Nimrud,  the  Harpies, 
l*egsisu8,  the  Sphinx,  the  grittin,  Artemis,  l*sy<  he,  Notosof  the  Tower 
of  Winds,  the  goddesses  of  Victory,  and  the  angels  of  Semitic-Chris- 
tian origin.    A  third  pair  of  extremities  (Kzckiel  even  admits  a  fourth), 
is  not  only  contrary  to  the  type,  but  also  irrational  in  a  mechanical 
sense,  there  heinjx  ii<»  muscles  to  «rovern  thent.    In  the    Ffjrht  with  the 
Dragon"  Schiller  has  happily  avoidecl  j,nvii)g  his  monster  the  usual 
pair  of  wiii^is;  and  in  Ketzsch's  iMnstrations  it»  shape  ajrrees  so  far  \vi(h 
comparative  anatomy  as  to  recall  a  IMesiosaurus  or  ZeughMlon  retunie<i 
t<»  life  and  changed  into  a  hmd  anittial;  indeed,  thf  rt  semblaiire  be- 
tween those  animals  and  t!ii>  !n\  thieal  dragon  has  h'd  to  tli«'  question 
whether  tin-  first  luiiuan  being  might  not  have  actually  gazexi  ui>on  the 
last  specimens  of  those  extinct  animal  races. 
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An  abomination  closely  r<»l:i ted  to  tlu' winged  beasts  arc  the 
taur.s,  with  twt>  tlioraeie  and  abdominal  <'avities  and  a  duiil)U!  .sctut 
viscera;  the  Orberus  and  Hydra,  with  several  lieads  on  as  niauy 
necks;  ami  warm-blooded  Hipporamps  and  Tritons,  whose  bodies, 
destitute  of  himl  liudm,  ewl  in  col(i  biooded  tish — an  anomaly  wliicli 
already  .slMwked  Horace.  If  they  liad  at  least  a  horizontal  tail  fin  they 
might  pass  for  a  kind  of  whale.  The  cloven -footed  faun  isless  int4»lerable; 
from  him  our  Hatan  inherited  his  horns.  pointe<l  ears,  and  hoofs,  on  uo- 
couut  of  uliich  Cuvier,  iu  Franz  vou  Kobell's  witty  apologue,  ridicules 
him  as  an  inoftensive  vegetable  feeder.  The  heraldic  animals,  such  as 
the  double  eagle  and  the  unicorn,  have  do  artistic  pretensions,  and 
their  historical  origin  entitles  them  to  an  indul^i nee  they  would  other- 
wise not  deserve. 

It  is  a  remarkable  instance  of  the  flexibility  of  oar  sense  of  beauty 
that)  though  saturated  with  morphological  principles,  our  eye  is  no 
longer  offended  by  some  of  these  monstrosities,  such  as  the  winiKed 
Kike  and  the  angels;  and  it  would  perhaps  be  pedantic,  certainly  in- 
effectual, to  entirely  condemn  these  traditional  and  more  or  less  sym- 
bolieal  figures,  though  Jn-ftct  the  greatest  masters  of  the  btet  epochs 
have  made  very  slight  use  of  them.  There  are  however  limits  to  oar 
toleration.  Giaats,>as  they  occur  in  our  Oigaatomachia,  witii  thighs 
taming  half  way  down  into  serpents,  which  consequently  rest,  not  upon 
two  legs,  but  upon  two  vertebral  colamns  ending  in  heads  and  endowed 
with  special  brains,  spinal  cords,  hearts,  and  intestinal  canals,  special 
hings,  kidneys,  and  sense  organs — these  are,  and  always  will  be,  the 
abhorrence  of  every  morphologically  trained  eye.  They  prove  that,  if 
the  sculptors  of  Pcr;rnnion  surpassed  their  predecessors  of  the  Pericleaii 
era  in  technical  skill,  they  were  certainly  second  to  them  in  artistic  re- 
finement. Perliaps  they  should  be  excused  on  the  plea  that  tradition 
bound  them  to  represent  the  giants  with  senfjent  legs.  The  Hippo- 
champs  and  Tritons,  with  horses'  legs  and  fish  tails,  which  disfigore  our 
Schlossbriicke,  date  from  a  period  in  which  classical  taste  still  reigned 
supreme,  and  morphological  views  were  still  less  widely  diftused  than 
at  ])resent.  Let  us  therefore  pardon  Schinkel  for  designing  or  at  least 
sanctioning  them,  as  well  as  tlie  winged  horse  and  griffin  on  the  ro<^f 
of  the  8chau8T>ie1hanR,  for  which  he  must  also  be  held  responsible.  But 
our  indignation  is  Justly  aroused  when  a  celebrated  modem  ])ainter  de- 
pi<*ts  with  crude  realism  such  misshapen  male  and  female  m«>nst4'rs 
wallowing  on  rocks,  or  splashing  about  irr  the  scii,  tlu'ir  bodies  ending 
in  fat  shiny  salmon,  witli  the  seam  betAvcen  the  human  nkin  and  the 
scaly  cover  scantily  disguiml.  Such  ultramarin«»  marvels  are  \vi>r- 
sliii>p(  d  by  the  crowd  as  the  creations  of  genius^  then  what  a  geuiuB 
Ilbllen  r»ieugliel  nnist  have  been! 

('uriously  cuou<;li,  the  inhabitants  of  tin-  caves  of  Pt^rigord,  the  cou- 
t^'mporaries  of  the  njamuioth  and  musk  o\  in  France,  and  the  luishinen 
whose  pairttings  were  discovered  by  Prof,  Fritsch,  only  represented  aus 
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fbitbfVilly  as  possible  such  animals  with  which  they  were  familiar; 
whereas  the  Aztecs,  apeople  of  comparatively  high  civilization,  indulged 
ill  fancies  of  more  than  Eastern  bideousneBs.  It  would  almost  appear 
as  if  bad  taste  were  associated  with  a  middle  stage  of  culture. 

With  regard  to  the  teaching  of  anatomy  in  schools  of  art,  the  above 
proves  that  it  should  not  be  confined  to  human  osteology^  myology, 
and  the  doctrine  of  locomotion  alone,  but  that  it  sUcmhl  also  entleavor — 
and  the  task  is  not  difficult — to  familiarize  the  student  with  the  funda- 
mental priiiciplf's  of  vertebral  morphology. 

Botanists  sbonld  in  their  turn  point  out  siieli  violations  of  the  laws 
of  the  metamorphosis  of  plants  as  must,  no  doubt,  frecpiently  strike  thvm 
in  the  acanthus  arabescjues,  palmettos,  rosettes,  and  scrolls  handed 
down  to  us  from  the  ancients.  For  obvious  reasons,  however,  theeie 
can  not  affe<*t  them  as  ])ainfully  as  malformations  of  men  and  animals, 
beinjjj  h\  themselves  repulsive  to  natnral  feelinp^s.  would  the  compara- 
tive anatomist.  Moreover,  a  beneficial  revolution  luus  recently  taken 
place  in  floral  ornament.  The  «lisplacement  of  (iothic  art  by  the 
antique  ilurinj^  tlie  Henaissancr  liad  led  t4>  a  deai  f  )i  of  ideas  in  decora- 
tive art.  Thr  ri<  li  fancy  and  naive  observation  of  nature  displayed 
upon  the  capitals  of  many  a  cloister  had  gradually  given  way  to  a 
fixed  con ventionulisrii  n<»  h)n«rcr  founded  on  re-ality.  Kauch,  at  Car- 
rara, in  search  of  a  model  for  tiie  eagh's  on  liis  iiionuincnts,  was  the 
first  to  turn  U)  a  i;nldeu  eagle,  ju  ciden tally  <  ai>tuied  on  the  siwt,  in- 
stead of  to  one  of  the  stivtues  of  Jupit4  r.  It  was  then  that,  towards 
the  mi<l<lh' of  the  century,  dccoraf  ivc  art  began  tu  shake  offits  fetters, 
and.  •  oiiibiniug  truthfulness  with  iM-anty,  returned  to  the  study  and 
artistic  reproduction  of  the  living  phmis  with  which  wo  are  surrounded. 
In  this  respect  the  Japanese  h<ad  long  ago  adopte<l  a  better  course,  and 
to  them  we  have  since  become  indebted  for  many  suggestions.  Thus 
highly  welcome  ;Mlditions  were  made  to  the  decoration  of  our  homes 
and  the  ornaments  of  female  dress. 

In  one  direction,  however,  it  will  be  observed  that  men  of  science 
readily  dispense  with  a  strict  observation  of  the  lawsof  nature  in  art, 
at  the  risk  of  being  charged  with  inconsistency.  In  works  of  art,  both 
ancient  and  modem,  flying  and  soaiing  figures  occur  in  thonsaads. 
These,  no  doubt,  sin  agaiust  the  oniniiiotent  and  deeply  felt  laws  of 
gravity  quite  aft  moch  as  the  most  loathsome  creations  of  a  depraved 
imagination  against  the  principles  of  comparative  anatomy,  familiar 
only  to  a  few  adepts.  Nevertheless  they  do  not  displease  us.  We  pre- 
t<ar  them  witbont  wings,  because  wings  are  contrary  to  the  type,  and 
could  be  of  no  use  to  them  without  an  enormous  bulk  of  muscle.  But 
we  do  not  mind  the  Madonna  Sistina  standing  on  clouds  and  the  sub- 
ordinate figures  kneeling  on  the  same  impossible  ground.  "EzekieFs 
Vision  ^  in  the  Palazzo  Pitti  is  certainly  less  acceptable.  But  to  quote 
modem  examples,  Flaxman's  *<Oo<1m  flying  to  the  aid  of  the  Trojans," 
or  Oomelias's  Apoealyptical  riders,  and  Ary  S«'Jieffer*s  divine  Francesca 

Digitized  by  Google 


680      ON  THE  RELATION  OF  NATURAL  SCIENCE  TO  ART. 


(li  IJiiiiini,  with  which  Don'  ha<l  to  iMiter  iuto  hopeless  comp«^titii»n.  are 
liot  Uie  less  enjf>yahle  biH  UUse  they  are  physi<*ally  iiuiwssibh'.  Wl'  do 
uoteven  ohjct;t  to  Luini's  rejuesentiui,^  tlic  corpse  of  St.  CathariTie 
can  ltd  throuj;h  the  air  In  angels,  or  to  thatof  SarptMiou,  ia  ir'laxiiiau'.s 
drawing,  by  Sleep  and  Death. 

Ill  an  interesting  lecture  on  the  "Physiology  of  Flying  and  Soaring 
in  the  Pine  Art«,"  Prot  Exuer  endeavors  ti)  explain  why  illustrations 
of  men  and  animals  in  thlA  condition,  though  impossible  and  never 
yiaiUe  in  real  life,  strike  m  as  familiar  and  natural.  I  do  not  profess 
to  agree  entirely  with  the  solution  which  he  appears  to  prefer.  His 
idea  is  that  oar  sensations  in  swimmiug,  and  the  position  in  which  we 
see  persons  above  us  in  the  water  when  diving,  are  similar  to  what  we 
would  experience  in  flying.  Considering  what  a  short  time  the  art  of 
swimming  has  been  generally  practiced  by  modern  society,  especially 
by  ladies,  who  nevertheless  appreciate  flying  figures  just  the  same^ 
doubts  arise  as  to  the  correctness  of  Prof.  Ezner's  explanation.  To 
attribute  the  feeling  to  atavism  in  a  Darwinian  sense, dating  from  a 
flsh  period  in  the  development  of  man,  seems  rather  far^ifetched.  And 
do  not  the  sensations  and  aspect  of  a  skater  come  much  nearer  to  flying 
or  soaring  than  those  of  a  swtmmerf 

Another  remark  of  Prof.  Exner,  which  had  also  occurred  to  me, 
appears  more  acceptable.  It  is,  that  under  esi>ecial]  y  favorable  liodily 
conditions  we  experience  in  our  dreams  the  delicious  illusion  of  flying. 
For 

*'iu  oarh  sonl  iw  born  the  jileasnro 
Of  yearning  onward,  upward,  mid  ;iw;iy, 
When  o'er  our  heads,  lost  iu  tUu  \  aulted  azure, 
The  hurk  sendb  down  his  flickering  lay, 
When  orer  oro^H  and  piny  highhuida 
The  poising  oa^^U^  slowly  Huars, 
And  ovor  plains  and  lakt  s  and  islands 
The  oraue  sails  by  t^i  utlier  shores."* 

Who  wonld  not  long,  like  Faust,  to  soar  out  inid  away  towards  the 
setting  sun,  and  to  see  the  silent  world  bnth*  i  m  the  evening  rays  of 
et'ernal  light  far  beneath  his  feet?  And  \s  hen  we  lung  for  anything, 
we  love  to  hear  of  it,  an<l  to  see  it  brought  before  us  in  image.  Our 
desire  t«  rist^  into  the  jether,  and  our  pleasure  in  "Ascensions"  and 
similar  rcprcseiitalums,  arc  further  enhvuiced  by  the  aiici«'ut  belief  of 
mankind  iu  the  existence  of  ceh'stial  habitatious  fur  the  blessed  beyond 
the  starry  vault;  a  belief  which  Giordano  Bruno  putaueud  to.  though 
not  so  thoroughly  but  that  we  are  constantly  forgetting  how  badly  we 
should  fhre,  were  we  actually  to  ascend  into  those  vast,  airless,  icy 
n  giuus,  which  even  the  swiftest  eagle  would  take  years  to  traverse 
before  alighting  on  some  probably  uninhabitable  sphere. 

We  are  now  inclined  to  reverse  the  question,  and  to  ask:  What  have 
sculpture  and  painting  been  able  to  do  for  science  in  return  for  its  vari> 

•  Translation  ol  lioethe'8  "  Fauat,"  by  Bayard  Taylor. 
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OUR  s(»rvio«s?  With  the  exception  of  external  wmky  such  as  the  repre- 
sent lag  of  natural  objet^ts,  not  much  else  than  the  results  obtained  by 
paint^Ts  as  to  the  composition  and  combination  of  colois,  wliich,  how- 
ever, have  not  exercised  aa  strong  an  influence  on  chromatics  aij  music 
on  acoustics.  It  is  known  that  the  Greeks  possessed  a  canon  of  the 
projwrtions  of  the  human  body,  attribute^l  to  Poly<*letes,  which,  as 
Prof.  Merkel  recently  objected,  unluckily  only  applied  to  the  full-grown 
frame,  to  tbe  detriment  of  many  ancient  works  of  art.  The  blank  was 
not  systematically  filled  up  till  the  time  of  Gottfried  Schadow.  This 
canon  has  since  become  the  basis  of  a  most  promising  branch  of  anthro- 
pology— anthropometry  in  its  application  to  the  human  races. 

If  tiie  definition  of  art  were  stretched  so  fisur  as  to  include  the  power  of 
thinking  and  conceiving  artistically,  then,  indeed^  it  wonld  be  easy 
enough  to  find  relations  and  transitions  between  artists  and  philoso- 
phersy  though,  as  we  remarked  at  the  beginning,  their  paths  diverge  so 
completely.  But  it  is  not  so  certain  that  natnral  science  wonld  neces- 
sarily be  benefited  by  an  artistic  conception  of  its  problems.  The  aberra- 
tion of  science  at  the  beginning  of  this  century,  known  as  German 
physiophilosophy  owed  its  origin  quite  as  much  to  SBSthetics  as  to  meta- 
physics, and  the  same  erroneous  principles  guided  Goethe  in  his  scien- 
tific researches.  The  artistic  conception  of  natural  problems  is  in  so 
&r  defective  as  it  contents  itself  with  well-ronnded  theoretical  abstrac- 
tions instead  of  penetrating  to  the  causal  connection  of  events  to  the 
limits  of  our  understanding.  Ft  may  sufBce  in  <'ases  where  analogies 
are  to  be  recognized  by  a  plastic  imagination  b(  t  ween  certain  organic 
forms,  such  as  the  structure  of  plants  or  vertebrate  animals;  but  it  fails 
altogether  in  subject**,  such  as  the  theory  of  colors,  because  it  stops 
short  at  the  study  of  what  are  supposed  to  be  priTnordiul  phenomena 
instead  of  analyzing  them  matliomati(  ally  and  phys'ically.  Prof,  von 
Briicke  subsequently,  by  the  aid  of  the  undulntory  thcoiy,  traced  to 
their  physical  causes  the  colors  of  opaqucii  on  which  Gortlic  founihM 
his  theory  ot'r«»lors  and  which  to  tliis  day  liav«»  ttMidrd  rather  to(hn  k«Mi 
than  to  euhghlcn  certain  Ocrman  intt  lli  t  rs.  Tiie  ilifferejice  between 
artistic  and  s(Mentific  treatment  becomes  very  evident  in  this  example. 

Nevertheless,  it  <  an  not  be  denied  that  artistic  feeling  may  be  useful 
to  seientilic  men.  There  is  an  lestlietic  aspect  of  exp<'rinn  nt  which 
strives  to  impart  to  it  what  we  have  termed  mechanical  beauty;  and 
no  experimenter  will  regret  having  responded  to  its  demarids  as  far  as 
was  in  his  power.  Moi-eover,  the  transition  from  a  literary  to  a  scien- 
tific ei>och  in  tlie  intelle<-tuai  dcvclopemeut  of  nations  is  accom])anied 
by  a  tendency  to  brilliant  delineation  of  natural  ])henomena,  arising 
from  the  doidde  intluence  of  the  settin;,'^  and  the  duwiiiug  genius.  In- 
stanc<'s  thereof  are  BulVon  and  IJernardin  de  Saint  Pierre  in  France, 
ami  Alexander  von  Humboldt  in  Germany,  who,  to  his  extreme  old  age, 
remained  faithfnl  to  this  tendency.  In  the  course  of  time,  th  is  somewhat 
incongruous  mixture  of  fityles  splits  into  two  different  manners.  Pop- 


Digitized  by  Google 


682       ON  THE  RELATION  OF  NATURAL  SCIENCE  TO  ART. 


niar  teaching  i>re«erves  its  oi  iiamcTita!  rharactiT,  wliilf  the  results  of 
isci^  iitific  researcli  only  claim  that  kind  of  beauty  whicli  in  literature 
4*oii<*spomli>  to  mechanical  be;iuty.  hi  this  sense,  an  J  lonL-^  \  ru- 
tured  to  indicate  here  on  a  similar  occasion,  a  strictly  scientili*  pajHT 
may,  in  tasteful  hands,  be  made  as  finished  a  pieie  of  writing  as  a  work 
of  fiction.  To  strive  aflfer  such  perfe<'tion  will  always  repay  the  trouble 
to  men  of  science;  for  it  is  the  best  means  of  testing  whether  a  chain 
ot  reason iji<^%  embracing  a  series  of  observations  and  couclusious,  is 
faultlessly  complete. 

And  this  kind  of  beauty,  which  oft^n  graces,  unconsciously  uud  uu 
sought  for,  the  utterances  of  genius,  will  no  doubt  be  also  found  to 
adoru  Leibnitz's  writings. 
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Smithsonian  building  repair  xxxvi,  xxxviii 

Zofdogical  Park  xxxv.  xxxviii,  xui,  22 

Congressional  bills  for  statues  of  Kobert  Dale  Owen  and  Prof,  Raird   13 

publications.  transinissiouK  to  foreign  governments   47 
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Halle,  University  of,  sent  set  of  academic  publications   D8 

Hallock,  William,  paper  on  the  flow  of  solids   2^ 

tninslation  by   241 

Hamburg-American  Pack«*t  Com]»any,  grant  free  freight   43 

Stadt  Bibliothek,  donations  to  library  by   u3 

Hamilton  be<iuest,  condition  c»f   xxi. 3 

Hamy,  K.  T.,  the  home  of  the  troglodyt.  s   12ki 
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Kanliiut^H,  abhtilutf  iiu-aHiire  of.  i»a)nT  on,  hy  Aiuirliarli    207 

llarrlsdii.  Ik-tij:iniiii,  in«'ii»b«r  <'x-(»flit'io  of  the  KMt:ibIi8hiii(>iit   ix 

lIuwkK  ailtled  to  ZitHUogical  I'aik   S^i 

IleatiuK.  liKliting,  t'tv.,  for  IWXJ^— 

1ialaiu'«>  of  apitropriatioii  xxxiv,  xxxvii 

•ixpemlitums   xxxv 

for  1890— 

balance  of  appropriation  xxxv.  xxxvii 

expimditures   xxxv 

of  National  MuHeuin  for  IHtU — 

Cougressioual  appropriation  for   xxxi, 

XXXVII.  XXXVIII,  XLII 

exjKjnditnrcK  on  acconnt  of   XXXI 

Heating  and  lighting,  ('ongressional  appropriation  for   4 

estimates  for  18ai->f>2   4 

Hedgehog  added  to  Zoological  Park   52 

Heidelberg,  Univei-Hity  of,  sent  set  of  acailemic  pul>IicationK   fig 

Helodernia  suspeetuni  added  to  Zofdogical  Park   Ii2 

Helsingfors,  Tniversity  of,  8ont  set  of  academic  ]mblicationH   fi8 

Hender»on  &  Brothers,  grant  free  freight   43 

llensel,  Brnckmann  A:.  Lorbacher.  grant  free  fVeight   43 

Henry,  Jostipli.  ilaughters  of,  Congressional  appropriation  for  .  ..xxxii.  xxxviii,  xi.ii 

expenditures  on  account  of   xxxu 

))ayn)ent  to  xxi,  xxxii.  xxx viii 

Henshuw,  Henry  W..  engaged  in  preparation  of  dictionary  of  Indian  trilies..  'M. 

office  work  of   34 

Heri»n  added  to  /ordogical  Park   52 

Hewitt,  .L  N.  U.,  Tnskarora  dictionary  in  preparation   2& 

linguistic  work  of   3fi 

trauHlatiouB  of  older  works  on  the  InMjuois   36 

Hillers,  J.  K.,  photographic  work  for  Bureau  of  Kthnology   31 

Historical  relics  collection,  accessions  to   IM 

Kitchiti,  vocabulary  of.  in  preparation   3ii 

Uobart,  Tasmania,  exchange  agency  in   45 

Hodgkins,  Thomas  (J.,  donation  to  Smithsonian  fund   i 

Hoflmau,  Dr.  W.       field  studies  of   '£i 

work  on  Ojiltwa  shamans,  in  preparation   35 

pictography  and  gesture  language   3Ii 

Holden,  Prof.  K.  S..  assistance  given  to   6 

perfecting  apparatus  for  securing  photographs  of  the 

nmon   fi 

Holmes,  W.  IJ^  lidd  work  of   LH,  'M) 

in  charge  of  mound  ex))lorations   29 

explorations  by  2H.  'M),  'M 

office  work  of   34 

papers  in  ]>reparation  by   31 

Holt  Mansion  in  Zoological  Park,  repairs  to  4   A& 

Home  of  the  Trogh»dytes.    Pai)er  by  K.  T.  Hamy   425 

Hongkong,  exchange  agency  in   44 

Honolulu,  Polynesia,  exchange  .igiMicy  in   45 

Horned  toad  added  to  Zot'doglcal  Park   52 

Hot  SjjringK,  .\rk..  mound  near,  examination  of   211 

Huuae  of  KeprcHoutatives,  exchange  relations  with   41 
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Howell.  D.  J.,  made  topogrsphical  survey  of  Zoulogieal  Park   IH 

prepared  plans  ft»r  bridge  in  Zoological  Park   iB 

Hubbard,  Gardiner  G.,  paper  on  evolution  of  pommeroe   fill 

Hiiggins,  William,  paper  on  celestial  spectroscopy   liS 

Ilnng.'irian  .So4*iety  of  Natural  History,  donations  to  library  by   Ii9 

Hungary,  governmental  exchanges  with   41 

transniisHions  made  to   •<■'>.  il 

Hnpa  vocabularj'  in  preparation  by  Jeremiah  Curtiu   ^ 

Hntchim,  Prof.  ('.  ('.,  services  of.  in  connection  with  astro-phyHical  observ  a- 
tory   a 

Hydrographic  Office,  exchange  relati<»ns  with   41 

Hydrogen,  density  of.  apparatus  fnr  determinations  of   fi 

Hystrix  cristata  added  to  Zofdogical  Park   OS 

1. 

Iguana  added  to  Zoological  Park   &2i 

sp.  f  added  to  Zoological  Park   52 

IllustratiouN  in  aunual  report  for  1891.  list  of   XJi 

Improvements  in  Zoological  Park   22=2^ 

Incidental  expenditures  of  Institution   XXII 

Incidentals  paid  on  account  of  International  Kxchanges   40 

re-payments  on  a«'count  of   xxii 

Inclosure  to  Zoological  Park   24 

Income  of  InstitutifMi,  appropriation  of   xii 

Increase  of  library  by  exchanges   12.53 

Museum  corresjiondenoe   Ifi 

**  Index  Modicus,"  exchange  relations  with   Al 

India,  governmental  exchanges  with   41 

Indian  Affairs,  Office  of,  exchange  relations  with   41 

t'omniissiouers,  Bureau  of,  exchange  relations  with   41 

village  on  Choptank  Kiver.  examination  of   20. 

Individuals  in  correspondence  with  Exchange  Bureau  38. 39. 40 

Industries  collection,  accessiims  to   IS 

Inman  Steamship  Company,  grant  free  freight   4^ 

Insects,  aquatic,  difficulties  in  the  life  of   342 

collection  of,  accessions  to   13 

Institnt  National  de  G<^ographie,  BruHNels.  donations  to  library  by   M 

Instruments  employed  by  astro-physical  observatory   2 

International  exchanges  xxiii.  xxxvii 

report  of  Executive  Committee  «ui  xxi.  xxiii.  xxxvii 

service  (nee  Exchanges.  Int<'rnational). 

Interstate  Commerce  Commission,  exchange  ridationn  with   41 

Interior  Department,  exchange  relations  with   41 

Invertebrates,  collection  of,  accessions  to   12 

InvestiMl  funds  of  the  Institution   2 

Investigations  upon  chemical  compounds,  by  Dr.  Wolcott  (tibbs   C 

Invoices  written  by  Exchange  Bureau  

Island,  exchange  ;igen<\v  for   44 

Islands  Hi])uislM}kasiifn,  the  eveliaiige  agent  for  Iceland   44 

Italian  Exchange  Itureau,  donations  to  library  by  

Italy,  exchange  agency  for   44 

g<»vernniental  exchanges  with   41 

Hydrographic  Office  of.  donations  to  library  by   ^ 

transmissions  made  to   4fi.  41 
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James  Rivor  valley,  archscological  exploration  of   ai 

village  sites  npon,  Hhorea  of,  examination  of   31 

Jamestown  Island,  Virgmia,  ancient  village  sites  upon,  study  of   21. 

Journal  of  Proceedings  of  Hoard  of  Regents   xi 

Jena.  University  of,  sent  set  of  ai>ademic  publications   ^ 

Japan,  exchanjje  agency  for   41 

transruiHHions  moilu  to   40^  41 

governmental  exchanges  with   41 

Java,  exchange  agency  for   14 

Journal  of  Proceedings  of  the  Board  of  Ri-geiits.  January  IL  1888   fi2 

January  9,  1889    63 

K. 

Karr,  W.  W.,  disbursements  by   xxxix 

Kidder,  Dr.  J.  H^^  bequest  of   3^1 

executor  of,  money  refunded  by  xix,  xxi 

Kiel,  University  of,  sent  set  of  academic  publications   58 

King  snake  added  to  Zoological  Park   52 

Kiowa  reservation  visited  by  James  Mooney   33 

Kiowas  to  bo  represented  in  exhibit  at  World's  Columbian  Exposition   33 

Klamath  Indians  of  southwestern  Oregon,  monograph  on,  by  Albert  L 

Gatchet   :^»,37 

Knapp  mounds,  Arkansas,  examination  of   23 

Koksharow,  Nicholi  von,  donations  to  library  by   58 

KOnigsberg,  University  of,  sent  set  of  academic  ]iublicati(mH   58 

Jj, 

Labor  Department,  exchange  relations  with   41 

Lands  for  Zoological  Park  actjuired   48 

Langley,  Samuel  P.,  Director  of  the  U.  S.  National  Museum   IX 

experiments  in  aerodynauiics   7, 8 

letter  to  Congress  relative  to  additional  building  for 

Museum  xiv,  xvi 

submitting  annual  report   ill 

report  to  Hoard  of  Regents,  June  30j  1891   1 

Secretary  of  Smithsonian  lustitution  ix,  1^28 

Languages  of  North  American  Indians,  expenditures  for   xxv 

Lark  added  to  Zoological  Park   52 

Lebouce,  Prof,       donati<»n  to  Iibrar>'  l>y   Sa 

Ledger  accoimt  kept  by  Kxchauge  Bureau  11, 38. 32 

Leghorn  chicken  added  to  Zoological  Park   52 

Leipzig,  fJenuany,  exchange  agency  in   44 

University  of,  sent  set  of  academic  publications   58 

Lepus  callotis,  campostris,  cuniculus,  and  sylvestris,  added  to  ZotUogicnl 

Park   52 

Letter  from  Dr.  J.  H.  Angell,  a  n'gent   xi 

of  Secretary  to  Congress,  relative  to  additional  building  for  Mu- 
seum  XIV,  XVI 

of  Secretary  to  Congress,  submitting  annual  report   Ill 

Letters  re<'eived  by  Exchange  Bureau   38,  ffl 

written  by  Exchange  Bureau   38,^ 

Library   53 

Liberia,  exchange  agency  for   44 
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Library  of  Dr.  .1.  R.  Hailoy  l)ei|neathe«l  tt»  Institution   U 

Couprew,  Congressional  art  appropriating  money  for  exchanges.  xi.i 

exchanges,  relations  with   11 

SioitLsonian,  acailemic  publications  received  by   5& 

addition  to  list  of  regular  serials   ^ 

expenditures  for   XXU 

i  ucrease  of.  by  exchange   12.1i3 

important  accessions  to  

Murdock,  John,  librarian   53 

publications  received   11,53 

report  on   11,  Si 

requires  additional  accou)mo<lations   U 

Secretary's  report  on   11. 2i 

transmissions  made  to   46, 47 

Liebig  von,  Justus,  aatobiogrophical  sketch  of   252 

Light,  chemical  iuHueuce  of,  bibliography  of,  by  Alfred  Tuckerman   HJi 

Light- House  Board,  exchange  relations  with   il 

Lilljeborg,  Mr.,  donations  to  library  by   5& 

Limn,  Peru,  exchange  agency  in   M 

Limitation  of  work  in  Zoi'dogical  Park  caused  by  iusufflcient  funds   23. 24 

Linguistic  chart  })repared  by  J.  VV.  Powell   ;i3 

work  of  Bureau  of  Ethnology   21,33 

Lisbon,  Portugal,  exchange  agency  in   4a 

List  of  accessions  to  Zoological  Park   0Q=a2 

correspondents,  new  edition,  urgently  needed   45 

illustrations  in  annual  report  for  1891   vii 

shipping  agents  giving  free  freight   41 

Lithology  collection,  accessions  to   IS 

Little  Falls,  Indian  village  sites  at,  study  of   2Q 

Living  animals,  collection  of,  accessions  to   IS 

Lodge,  Hon.  Hcury  Cabot,  Kegent  of  the  Institation   x,Xi 

London,  Kngland,  exchange  agency  in   44 

Louvain,  University  of,  sent  set  of  academic  publications   58 

Lunar  photographs   6 

Admiral  Mouchez,  co-operation  of,  in  securing   6 

Prof.  Holdcn's  apparatus  for   6 

Prof.  Pickering's  series  of   fi 

proposed  work  on   fi 

Lund,  University  of,  scut  set  of  academic  publications   5Ji 

Lynnhaven  Bay,  Virginia,  ancient  village  sites  on,  examination  of   21 

Lynx  rufus  added  to  Zoologiciil  Park   02 

M. 

McChesney,  J.  I).,  disburw^ments  by   xxxix 

McOill  College,  Montreal,  actij  as  exchange  agent   44 

Madrid,  Spain,  exchange  agency  in   4a 

Mndeira,  exchange  agency  in   44 

Magowan,  D.  J.,  paper  on  time  keeping  among  the  Chinese. .    fiQI 

Maharajah  of  Jeypore,  donations  to  library  by   52 

Maintenance  of  zoological  park,  expenses  of     22 

Mallery,  Col.  Garrick,  office  work  of   24 

work  on  pictography  

Malta,  exchange  agency  for   14 

Mammals,  ci>ll<M-tiou  of,  accessitms  to   lH 
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Manil:i,  Philippine  IslanilH,  cxchaugo  agency  in  

Mant<^z,  C'ohriiI  (tt-neral  Jos^,  grants  free  freight   13 

Marsh  hawk  abided  to  Kuologiral  Park   S2 

Marino  invertobrates  collection,  acrensions  to   j]) 

Marj'land,  syHteinatic  arcliH^oIogical  exploration  of   21.  .TO 

MaHon,  ().  T.,  Humniary  of  progrivw  in  anthropology  for  IWU   433 

Materia  medicti  collection,  acces-sions  to   m 

Matter,  molecnlar  Htructnre  of,  ]>apcr  by  William  Anderson  

MatthewM,  W.,  ]tap«>r  on  Navajo  dyeMtntVs  

ManritinH,  exchange  agency  for   H 

Mean  density  of  the  earth,  paper  on,  by  iL  Wilsing   61.  B2 

Medaln  collection,  acceasionfl  to  

Medical  library  lieqneathed  by  Dr.  Jonathan  K.  Hailey  -   xx 

pnblications  deposited  in  library  of  the  Snrgeon-General  of  the 

Anny   12 

Medicine  and  Surgery,  Bnrean  of,  exchange  relations  with   £1 

Meeting  of  Board  of  Regent*   xi 

Meetings. expenditurcH  for   xxii 

Megawcops  asio  added  to  Zoological  Park   52 

MeigK.  fjen.  Montgomery  C.  member  of  exeentive  committee  x.  xxxix 

Regent  of  tlie  Institution   x,  xi 

Melbourne.  Victoria,  exchange  agency  in   15 

Members  of  the  8miths<»tiiau  Establishment   ix 

Memorandum  nOative  to  the  rt^-imbursement  of  monej's  advanced  for  ex- 
changes  XVII 

Memorial  from  Doulton  &  Co  xvi,  xvii 

Menonionee  Reservations  visited  by  Dr.  Hotfman   32 

Merchant,  S.  L.,  &  Co.,  grant  free  freight   13 

Merriam,  C.  Hart,  pajM-ir  on  geographic  distribution  of  life  in  North  America . 

MoHoxoic  fossils  collection,  accessions  to   12 

Messiah  religion  investigated  by  .lames  Mooney   21. 33 

Metallurgy  collection,  accessions  to   Ifl 

Meteondogical  records  transferred  to  Signal  Office   13 

Mexico,  exchange  agency  for   41 

governmental  exchanges  with   47 

transmissions  made  to   H 

Miall,  L.  ('.,  paper  on  difficulties  in  the  life  of  aquatic  insects   34a 

Michelson,  Prof.  A.  A.,  assistance  given  to   Q 

work  upon  universal  standard  of  measure   fi 

Milk  snake  added  to  Zoohigical  Park   52 

Miller,  Justice  William       death  of   2 

temporary  chancellor  of  lioard  of  Regents   2 

member  of '* The  Establishment"   IX 

Milliken,  H<m.  Seth  L.,  letter  to,  relative  to  new  building  for  Museum   xiv 

Mindelelf,  Cosmos,  tiehl  work  of   31 

]>repared  card  catalogue  of  ancient  ruins   26 

Minerals,  collection  of,  accessions  to   Ifl 

Mink  a<lded  to  Zoidogical  Park   52 

Mint  Bureau,  exchange  relations  with   11 

Minutes  of  meeting  of  Honrd  of  Regents   xi 

Miscellaneous  eollections,  expen«Iitures  on  account  of   xxii 

repayments  on  ac«'ount  of   xxii 

report  on   Sj  tiQ 

MisHissip])i,  nmunds  in,  examinaticm  of   29.  30 

Valley  monndn,  jiaper  on,  by  Lucien  ('arr   JH)3 
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Mitchell,  IIou.  Charles  E.,  ineuiW  of  "The  Establishment "   ix 

Mitawit  ceremony  witnesm'd  by  Dr.  Uoffman   22 

Models  of  ancieut  works,  prepared  by  Cosmos  Mindeleff   3fi 

Modem  pottery  collection,  arcessious  to   19 

Modes  of  keeping  time  among  the  Chinese,  by  D.  .1.  Magowan   6QI 

Mollusks,  collection  of,  accessions  to   IS 

Money  grants  made  for  special  investigations   fi 

Monrovia,  Liberia,  exchange  agency  in   H 

Montevideo,  Uruguay,  exchange  agency  in   i5 

Montreal,  Camida,  exchange  agency  in   H 

Moon,  photographs  of  (set-  Lunar  photographs)   S/l 

Moonej',  James,  field  studies  of   2& 

oflii-e  work  of   2^ 

work  on  Sjicrcd  Formuhis  of  the  Cherokees   2^ 

Morley,  Prof.  K.  W., assistjincti  given  to   6 

researches  of   fi 

Morrill,  Hon.  Justin  S.,  Regent  of  the  Institution   x,  XI 

Mortality  among  animals  in  Zofdogical  Tark   51 

Morton.  Hon.  Levi  P.,  memlxrr  of  "The  Establishment  "   ix 

Kfgfnt  of  the  Institution   X 

Mouchez.  Admiral,  co-operation  in  seruring  ])hotographs  of  the  moon   6j_7 

Mound  region,  ex)>loration  of,  by  Bureau  of  Ethnology   20,  ffl 

Mounds  examined  by  W,  IL  Holmes   29,  30. 31 

of  the  Mississippi  Valley,  paper  on.  by  Lurien  Carr   5S& 

MozamUifiue,  exchange  agen«'y  for   11 

Mummy  Cave  Cliff  Kivcr,  Arizona,  utodel  of,  prc])ared  by  Bureau  of  Eth- 
nology   % 

MuRoz  y  Espriella,  grant  free  freight   42 

Murdoch,  John,  librarian   59 

Murray,  Ferris  *  Co.,  grant  free  freight   43 

Musical  instruments  collection,  accessions  to   18 

Muskrat  added  to  Zoological  Park   52 

Museum  building,  Congressional  act  relative  to   xiil,  xiv 

urgently  needed   5 

Museum.  National  Museum). 

N. 

Nacotchtank.  Indian  village  site  of,  study  of   90 

Nagy-Karoly,  Count,  donations  to  library,  by   52 

Nansamnnd,  anci<-nt  village  site  of,  examination  of   21 

National  Acjidcmy.  exchange  relations  with   41 

National  Board  of  Health,  exchange  relations  with   41 

National  Zoiilogical  Park.    (See  Zofdogical  Park.) 

National  Museum,  acressions  to   Ifi 

arcounts  cxamine<l  by  executive  committee  xxx^1II 

additional  space  to  be  provided  for   14 

annual  report  for  1W8   62. 

Congressional  appropriations  for   xxvi, 

XXX,  XXXI,  xxxn,  xxxiii,  xxxiv,  xxxvii,  xui,  4 

curatorships   Ifi 

estimates  for  18H1 -'<>•-'   4 

••x«M  utive  comniitte43  r«*port  on  xxi,  xxvi,  xxxiii.  xxxvii 

exchange  relations  with   11 

expenditures  on  account  of  xxvi.  xxx, 


XXXI,  XXXII,  XXXIII,  XXXIV,  XXXV,  4 
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National  MuHentn,  jjfrowth  of  the  colluctiotis   14,  la 

increftHe  in  correspondence   Ifi 

need  of  additional  aMslHtance   II 

new  boilera,  Congressional  appropriation  for   XLii 

new  building  for,  required   xiv 

new  btiilding  for,  resolutions  of  Hoard  of  Regents  rela- 
tive to   XIV 

new  floors.  Congressional  appropriation  for   XLii 

offers  insufficient  accommodations  for  collections   a 

overcrowded  condition  of   14, 15 

re-payments  on  account  of   xxii 

salaries   11 

ecientiflc  functions  of   14 

Secretjiry's  report  on   1^  14 

World's  Col nuibiun  Exposition   2U 

Natural  gas,  origin  of  rock-pressure  of,  by  Edward  Orton   IM 

Nautical  Almanac,  exchange  rolutions  with   41 

Navajo  dyestnffs,  by  Dr.  Washington  Matthews   613 

Naval  architecture  collection,  accessories  to   IB 

Observatory,  Congressional  act  directing  ])ayment  of  freight  on  ex- 
changes  XLI 

exchange  relations  with   41 

Navarro,  Consul-General  .luan  N.,  grants  free  freight   43 

Navigation,  Bureau  of,  exchange  r»*lationH  with   41 

Navigazione  Generalo  Ituliana,  grant  fre«>  freight   43 

Navy  Department,  exchange  rriations  with   41 

Nelson  mound  pit,  moilel  of,  prepared  by  Hureau  of  Ethnology   36 

Netherlands,  exchange  agency  for   44 

governmental  exchanges  with   47 

transmissions  ma^le  to   46, 47 

American  Steam  Navigation  Company,  grant  free  freight   43 

New  Caledonia,  exchange  agency  for   44 

Newfoundland,  exchange  agency  for   44 

New  Jersey  Historical  Society,  donations  to  library  by   ^ 

New  South  Wales,  exchange  agency  for   44 

Government  of,  establish  exchange  bureau   42 

Governmental  exchanges  with   42 

transmissions  nxfulc  to   46.  II 

New  York  and  Brazil  Mail  Steamship  Line,  grant  free  freight   43 

and  Mexico  Steamship  Company,  grant  free  freight   43 

Society  for  Political  Education,  donations  to  library  by   ^ 

New  Zealand,  exchange  agency  for   44 

governmental  exchanges  with   41 

transmissions  made  to   46. 47 

Nicaragua,  transmissions  made  to   46.  12 

Night  heron  added  to  Zoological  Park   iili 

North  America,  the  forest  trees  of,  by  Dr.  Asa  Gray   ^  6Q 

North  American  ethnology,  Congressional  appropriation  for   xxiv, 

XXV,  XXXVII,  XXXVIII,  XLII,  4 

eHtimat4-8  for  i«m-^->   4 

♦•xpendituros  on  account  of  xxiv,  xxv 

Powell,  . I.  W.,  in  charge  of  Bureau  of  Ethnol- 
ogy   XXIV 

languages,  «-lassifieation  of,  by  J.  W.  Powell   '£i 
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North  Carolina,  ethnological  visit  to   33 

North  Gonnan  Ll«»y<l,  grant  free  freight   il 

Norwegian  Geological  Survey,  donationR  to  lihrary  by   5^ 

Norway,  exchange  agency  for   iA 

govornmcntal  exchangoH  with   II 

t  ran8iui8t«ion8  made  to   ifi.iI 

Nyctii  4»rax  nycticorax  mevina  added  to  Zoological  Park   52 

Nyctala  acadica  addeil  t-o  Zoc'dogical  Park   iii 

O. 

ObBcrvatory,  a  Honthern,  paper  by  A.  M.  ( -lerke   ILi 

{iSee  Astro-physical  observatory.) 

Ocelot  added  to  Zoological  Park   52 

Oelrichs  &  Co.,  grant  free  freight   13 

Office  of  Chief  of  Engineers,  exchange  relations  with   41 

of  Indian  Affairs,  exchange  relations  with   il 

work  of  Bureau  of  Kthuology   21.  'X\ 

Officers  of  the  Institution   ix 

other  Governmental  !)«»partmentH  acting  as  curat«»rH  in  National 

Mnsenin   Hi 

Oilicial  documents,  international  exchange  of  XL  4C.  ii 

Ohio  State  Library,  donations  to  library  by   M 

valley,  mounds  in,  examination  of   2i 

Ohm,  George  tSiuion,  scientific  work  of   211 

Oils  and  gums,  collection  of,  accessions  to   13 

OJibway  reservations  visited  by  Dr.  Hoffman   32 

shamans,  work  on,  in  preparation   3a 

Olmstead,  Mr.,  suggested  improvements  in  Zoological  Park   Ifl 

Omaha  and  Ponka  lett«'rs,  paper  on,  in  preparation   31 

dwellings,  paper  on,  in  jireparation   31 

Opheosanrus  ventralis  a<lded  to  Zoological  Park   52 

Ophibolns  doliatus  and  getulus,  added  to  Zoi'dogical  Park    52 

Opossum  added  to  Zoiilogical  Park   52 

Ordnance  Bureau,  exchange  relations  with   11 

Organic  act,  modification  of,  required   xvii 

Oriental  antiquities,  accessions  to   IS 

Origin  of  the  rock-pressure  of  natural  gas,  ]»aper  by  Kdward  Orton   1^ 

Ort^m,  Edward,  paper  on  tbe  origin  of  the  rock-pressure  uf  natural  gas   l.\5 

Osteology  collection,  accesaious  to   12 

<  )tocoris  ali)e8tris  ailded  to  Zodlogical  Park   52 

Ottawa,  Canjida,  exchange  agency  in   11 

Ottawa  Indians  visited  by  Dr.  Hoffman   Si 

Ovis  montana,  at  Zofdogical  Park,  died  of  apoplexy   Iii 

Owen,  Robert  Dale,  statue  of   13 

Owls  addt'd  to  ZotUogical  Park   52 

Oxygen,  density  of,  apparatus  for  det-ermiuations  of   & 

P. 

Pacific  islands,  donations  to  Zoiiolgical  Park  from   'JH 

Mail  Steamship  Company,  grant  free  freight   li 

Parkages  rereived  by  Exchange  Bureau   1 1.      'M*.  41. 12 

Paeking-box«-s  paid  on  account  of  internatiouat  exchanges   lU 

Paige,  lh)n.  Harlan       donations  to  library  by   is 
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l*;iiiit«  auU<lyes,  collection  of,  actii88ions  to   1«1 

hi]ailiiiili:iti  vocabulary  in  preparation  l»y  .JcreiTnali  Curtiji   3ii 

l*;ilii'0/oi<- fossils  foiliM-tion,  arcfHsious  to   ly 

I'anania  Railroad  Company,  fjrant  fn  e  frei^jht   \^ 

l'ap«T-nninoy  collect ii»n.  ai  ccsMions  to  

Paraguay,  exchange  agency  for   ^ 

(iovernnieut  of,  carried  out  Hrnsselrt  cx«'Jiange  treaty   i^. 

Piiranniribo.  l»nt<  l)  (iiiiana,  cx<  liangc  ageu<  y  in   H 

J^iris,  France,  exchange  agency  in    jj^ 

Partridge  addc«l  to  Zoological  I'ark   

Pa.Hpaheglj,  ancient  vllhige,  site  of,  examination  of   21 

Patent  Offlce,  CongrcHHional  act  directing  payment  «if  frei.^'lit,  on  exclianiiCH.  xi.ll 

exchange  relations  with   H 

I'atiixeiit  Klver,  village  Kites  upon,  examination  of   ;il 

I'ea  fowl  »<lded  to  ZcMiIogical  Park   -j^ 

Pei'«  ary  a(Mc<|  to  Zoological  I'ark   52 

PeMflulntn  ohserv.atioiis,  room  a.s.signed  for   li 

I'enasco  IManco  ruins.  New  Mexie<»,  model  of.  pieparetl  l»y  p.iiieau  of  Kth- 

•"»I<W   31] 

Perkins  «-ollection  of  prehistoi  ie  .-opper  lutplcmenfs.  appropriation  tor. .   Ci 

('on<;ressional  appropri.-ttion  for   1 

of  j»reUiMt<»ric  eopper  implements.  (  ongreHsional  appro 

]irialion  for    \\  mi.  \  \\  \  ii.  n  w\  iii 

ileposited  in  National  Museuiu  ,.   13 

expeinlitures  oti  nceonnt   XXXII 

report  of  c\eeuti  \  e  eommit  tei-  on  \  \  I,  \  \  \      XX  X  VII 

iVrry.  Kd.,  A:  Vn.,  grant  free  freiijiil   ili 

Pern,  exchange  agency  for   li. 

governnu'utal  exchanges  with   12 

transmissions  made  to   t(>.  17 

Pheli»s  Urotliers  A  (  o.,  grant  free  fn-iirht     U 

Phili]>pine  Islands,  exchange  agency  for   43 

Philohela  minor  added  to  Zoidogical  Park   5ii 

Phoca  vitnlinii  adiletl  to  Zoiilogical  Park      a2 

Phryni»soma  dongla^si  mldi-d  to  Zoi'dotjii  al  Park   a2 

Physir..!  apparatus,  aeeessjons  to   Ifl 

•geology  colleetion,  aeee.ssions  to       !«♦ 

Physi«'8  and  niatheuiaties,  applieatiou  of.  In  gvolo^v.  paper  hv  ('.  (  Iiree   127 

Pickering:,  Proi'.,  ]>hoto<;raphs  of  the  moon   <>.  7 

I'icto'iraphie  .^keirlieN  prepareil  by  I  >r.  \\ .  J_  llolfman   iii 

Pictography,  work  on,  by  Col.  <;arriek  Mallery                                           .  HI 

i*i«"ture  writinj;,  exi»eu»litnres  for                                                            .  \x v 

Pilling,  .Fames  C..  eeas<'d  conncetion  with  P.     ( Jeolo^iieal  Survey    jlii 

linguistic  work  of   3a 

work  on  bi)>lio;;raphy  of  tim  Algmnpiin  lan<;ua;:e>   3& 

Pim,  Ftirwood  A  Co..  grant  free  frei<;lit                                                    ..  i2. 

Piney  braiu'li  quarries  evamincMl  by  Ibin-au  of  Ktlinolog\    2U 

J*i(UJeer  Line,  ^r:»nt  free  treij^hl   lii 

Pit  of  Nelsiui  moninl,  umhIcI  oI",  prepan-il  by  liureau  of  Ktlinology   IM 

Pityopti.s  sayi  a<ldeil  to^Zo(dogi<'al  Park   Ii2 

Plants,  colleetion  of,  jice(«ssions  to   lii 

PodilymbuH  podiccps  addi'd  to  Zoological  Park   ii2 

Poey,  l>r.  Felii»c.  death  o»'   12 

P<M!y.  Dr.  Prcderie,  aets  as  exehaii'^e  agent  for  C»iba   11 

app«iinted  <!xchange  agent   12 

11.  Mi.s.      pt.  1 — ^ 
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PoI>  iH-Hi!).  ••xfhange  ngoiwy  i<»r   45 

1r»usnii8Hioi)8  made  to   46. 47 

r«»iii:ii«  s,  c;<»U8nl-GoiH^nil  Mariano,  grants  free  freight   iH 

I'opes  Crc«^k,  shell  mouiKlij  of.  examination  of   31 

Porct'lain  collortion,  acceBsionn  to   13 

rorcupino  a<lde{l  to  Zoolo;{iral  I'ark   32 

rort-ati-rrinc*',  Hait  i.  oxchangi»  agenoy  in   14 

I'ort  I.ouis,  ManritinM,  exchange  agoury  in  

I'ortcr.  Dr.  Noali,  resignation  of   XI 

Portraits  of  Regentn  presented  by  Bnreau  of  Kngraving  and  Printing   13 

Portugal,  exchange  agenoy  for   4a 

governmental  exchanges  with   42 

tranf»niis8ion«  made  to   46, 42 

Possibilities  of  c«-ononiie  botany,  by  George  Lincoln  Goodale   fll7 

I'ostage  of  8niith8onian  Inntitntion,  expenditnroa  for   XXII 

paid  oil  aeeount  of  international  exchaugcH   4fi 

n<-payments  on  acconnt  of   XXII 

for  National  MiiHenm  for  1891: 

<  '«»ngre8sional  appropriati<»u  for  xxxii,  xxxvii,  xxxviii.  xlii,4 

estiniaten  for   4. 

expenditnres  on  account  of   xxxil 

Posiniat  ter-(}eneral,  a  member  of  *'  The  Establishment"   ix 

I'ost-Otbce  l)ej>artnicnt.  exchange  relatiouH  with   41 

Potomac  valley,  mounds  in,  examined  by  W.  IL  Holmes   29 

P(>towonierli,  village  site  of,  examinati<m  of   31 

Pottery  <  ol lection,  accessions  to   1ft 

Powell,  .1.  \V..  elasstlication  of  North  American  languages   ffl 

Director  of  the  Bureau  of  Ethnology  XX IV,  20, 31 

linguistic  chart  prepared  by   ^ 

work  of   ^ 

Powhatan,  ancient  village  sito  of,  examination  of   31 

vorabiiltiry  of,  in  preparation   3a 

Prairie  wolf  a«ldcd  to  Zoological  Park   52 

dug  eolony  in  Zoitlogical  Park   SO 

Preliistoric  anthro]>ology  collection,  .iccessions  to   Ifi 

Preservation  of  eollections  for  l><M8-'89    xxxvii 

balan<-e  of  appropriatt<m   xxxili 

<xpeuditnres   xxxill 

for  1X90— 

balance  of  appnipriation  XXXlll,  xxxvii 

expenditures   XXXIII 

for  1891  — 

t'ongresHional  appropriation  for   xxvi, 

XXXVII,  XXXVIII,  XI.ll 

expenditures  on  account  of   xxvi 

Congressioujil  appropriation  for   4 

estimates  for,  1891-92   1 

speeicH  nearly  extinct,  the  primary  object  for  establishment 

of  Z«»rdo;;ieal  Park   21 

President  ni  ihe  United  .'^tates,  a  member  of  " The  Establishment"   ix 

exchange  relation  with   41 

Printing  for  National  Museum  for  1891 — 

("ougrtrssional  ap|>ropriation  for  xxxii,  xxxvii,  xxxviii,  xu 

expenditures  «in  a<-e()unt  of  XXXII,  1 
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Priiitiug  fur  1890.  balaiu-i-  «if  uppropriation  xxxv.  xxxvn 

aud  biudinji.  CoMj^n'ssiniial  appropriation  for   1 

estimates  for  lSl>l-'92   4 

paid  on  acronnt  of  Iiilfriiational  Kxrl»aiij;<-s   40 

•  irden;d  of  extra  copirn  of  Kfjiort  for  1891   ii 

rr-payments  on  acconiit  of   xxii 

of  lostitntion,  rxpenditiires  for   axii 

Proceediugrt  of  lioard  of  Hogents.  Journal  «»f  iv.  xi.  (>2. 6S 

Pn)ctor,  Hon.  RfMlfifld,  m»;mber  of  "  Tlie  Kstaldishnn-nt   ix 

Pror.yon  lotor  added  to  Zoological  I'ark   52 

PrnHsia,  gorenimi*ntal  exchat>gfs  with   41 

tranfimiHsions  made  to     ^ 

Pnldic  Printer,  CongreKsional  act  directitig  jirinting  for  National  MiiKOiini..  xu 

exchange  rolatioMH  with   11 

Piihlication-H  of  Institdtion,  oxpenditiire.s  for   \xii 

annual  reports   ^itti 

ContributionN  to  Knowledge   H,  (><) 

Miscellaneous  Collections   S^fiO 

report  on   (50 

received  by  the  library   1 1, 53 

sales  of,  amonnt  realized  from   'd 

of  the  nuroan  of  Ethnology   31 

Pueblo  of  8echuniovi,  Arizona,  nioilel  of,  ]»repai-ed  by  Mnreaii  of  Kthuology .  3ii 

Walpi,  Arizona,  model  of,  prepared  by  Bureau  of  Kthuology  

Pulaski  County,  ArkanHiu*,  moundn  in,  examination  of   29 

Puma  added  to  ZoTdogical  Park   ii2 

Putorius  freuatus,  nigripes,  and  visou  added  to  Zoillogical  Park   52 


Quail  added  to  Zoological  Park   52 

QuarricH,  ancient,  cxauiiued  by  W.  LL  Holmes   29 

Queensland,  exchange  agency  for   15 

governmental  exchanges  with     17 

transmissionH  made  to   10,  jj 

Quito,  Kcuador,  exchange  agency  iti   iJ 

Qtiipougbcohannoek,  ancient  village  site  of,  examinutiou  of   'Al 


It. 

RabbitH  added  to  Zoological  Park   52 

Raccoon  added  to  Zoological  Park    52 

Rattlesnake  added  to  Zofdogical  Park   52 

Reading  room  of  the  library   12 

Receipts  by  Smithsonian  Iu8tituti(m — 

international  exchanges  xxiii.  xxxvn,  xxxviii,  xi.i,  xlii,  11,39.  tO 

North  American  othmdogy  xxiv,  xxv,  xxxvn.  xxxviii,  xui 

National  Museum.. XX VI,  xxx,  xxxi,  xxxii,  xxxiii,  xxxiv,  xxxvn.  xxxviu,  xui 

preservation  of  collections  xxxni,  xxxvn.  xxxviii,  xi.n 

furniture  and  fixtures  xxx.  xxxiv,  xxxvn,  xxxvni.  xi.n 

heating,  lighting,  et<'  xxxi, 

XXXIV,  xxxv.  xxx  vn.  xxxvni.  xi.n 

l>o8tag«.'  XXXII,  xxxvn,  xxxvni.  xi  ii 

printing —   xxxii.  xxxv,  xxxvn,  xxxvni.  xi.i,  xi.n 
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Rrcoiptw  by  SniithHoniau  IriHtitution — Continued.  p,^, 

Perkin's  collection  xxxii,  xxx^^I,  xxxviii 

daughters  of  th«'  late  Joseph  Henry  xxxii,  xxxviii,  xlii 

Capron  collection  xxxiii.  xxxvni,  xui 

Smithsonian  building  repair  xxxvi,  xxxviii 

SmithHoniau  fund  xxi,  xxxvii,3 

Zoological  Park   xxxv,  xxxviii, xi.ii 

Kecent  plants,  eolle«'tion  of,  arecssions  to   12 

Kecording  of  exchange  correspondence   la 

Red  fox  added  to  Zoological  Park  

Red  Star  Line,  grant  free  freight   13 

Reductions  in  Congressional  appropriations  for  the  Zoological  Park   22. 

Regents  of  the  Institution   ix,  x 

iM  cept  annual  report  of  Secretary   xx 

appointed  by  Congrestiional  rasolutiou    xr 

portraits  of,  presented  by  Bureau  of  Engraving  and  Printing   Li 

board  of,  resolutions  by  Xli,  xiii.  x\  i.  xvii.  xx 

{Sir  Board  of  Regents.) 

Registration  of  domestic  exchange  packages   12 

Iv(>-inibursement  of  moneys  advanced  for  exchanges   XVH 

Relation  <»f  natural  science  to  art,  ]»aper  by  E.  du  Bois-ReymoiMl   fifil 

Rejtaira  to  building  to  bo  ni:ide  under  the  direction  of  the  Secretary  xn.  xiii 

Holt  niansitni  in  Zoological  Park  

Smithsonian  building  need«'<I   j 

Re-payment  asl<cd  from  Congress  for  money  advance<l  on  ccount  of  ex- 
changes   10 

R«'-payments  to  Institution  xxii,  xxxvil,3 

from  Government  Department.s  1 1 .  39. 40 

iieiKirt,  .Vnnual,  of  the  Board  of  Regents  for  18*J1   l 

(Congressional  resolution  to  print  extra  copies   u 

submittal  to  Congress   in 

of  the  Smithsonian  Institution   iv 

contents  of  ^   V 

list  of  illustrations   vii 

of  executive  committee  for  1891  xii,  xxi,  xxxix 

on  expenditures  for  exchanges   xxiii 

North  American  Ethnology    xxiv 

Natiouiil  Mus«Mint   xxvi 

National  Zoological  Park   XXXV 

building  re)>air   xxxvi 

of  acting  manager  of  Zo«»logi<'al  Park   iH 

Curators  of  National  Museum  for  1S.KS   d2 

the  Assistant  Secretary  for  1«88   &l 

Curat<*r  of  Exchanges  10.  38.  AX 

Diret  tor  of  Bureau  of  Ethnohigy   2y 

Secretary  of  Board  of  Regents*   1 

tbo  Librarian   12.  53 

Reports,  expenditures  on  account  of   XX II 

re-payments  ou  account  ol"   xxii 

ReptilcM.  collection  of,  ac4'essi(»ns  to   la 

Researches  encomaged  by  Institution   & 

in  astro-physical  obseiA'atory   7 

in  lero-dyuamics,  by  the  Secretary   7 

in  archa-ology,  expenditures  for   xxv 

expenditures  on  account  of   XXII 

lunar  photography   t* 

)OgIe 
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Pago 

Re8oiirrl»'H,  money  grautH  for,  mndc  In  spccijil  ♦■uses   fi 

(;ibbs,  Dr.  Wolrott   G 

Holden,  Prnl".  K.  S   fi 

MicheliMm,  Prof.  \.A   fi 

Morley,  IW.  K.  \V   a 

Moiiclie/,  Aduiiral,  cooperation  in  socnring  lunar  phntoKrapliM.. .  6 

I'iRk«'rin«f,  Trof.,  pliotofrrapliK  of  t\\v  nioou   fi 

Htundards  of  screws.  vU-   6 

Kesiduary  leg'^cy  <»f  Smitlison,  condition  of   3. 

Re8o]iitioii.  C'ont^oRaioTia],  appointing  Hegontt*   XI 

for  iuldttionsil  Mnsrum  building  xiii.  xiv 

of  CoufftesH  to  print  cxlracopii'.^  of  Annual  Report  for  1891   u 

See  Con^jroHH,  arts  and  resolutions  of   XLI 

of  the  Honrd  of  Rogents   Xll 

a]>propriating  th«5  ineonio  of  tho  Institution   xii 

authorizing  the  Socretary  to  a«  t  in  all  luattern  pertaining  to 

the  Zoologiral  Park   xii 

authorizing  the  Secretary  to  act  in  all  niattors  pertaining  to 

the  building  repairs  xn.  xiir 

construction  of  building  for  astro-physical  obst-rvatory   xiii 

empowering  the  executive  con)iuitt4.'e  to  act  in  matters  per- 
taining to  new  Museum  building   xvi 

on  memoriul  of  Donltnn,  etc   XVJI 

on  modifying  the  organic  act  ^   xvii 

on  re-inibur»ement  by  Congress  for  expenditures  for  exchanges  xvii 

relative  to  death  of  (ieorge  Bancroft   xx 

introduced  by  executive  committ«Hi   XII 

Resources  of  National  Museum  insufticient   15 

Reyuu)ud.    i^ee  du  Itois-Roymond. 

Reynolds,  Henry  L.,  arclneological  ex]dorations  of   31 

death  of   31 

Reykjavik,  Iceland,  ex<  hange  agency  in   44 

Rio  do  Janeiro,  Hrazil,  exchange  agency  in   M 

Rio  Verde  regicui,  jirch.eologicul  exploration  of  21,  HI.  32 

Roads  in  Zoological  Park  23^l^Kli^ 

Rock  Creek  valley,  ancient  quarries  in,  examined   20,  29 

Rock-pressure  of  natural  gas,  origin  of,  paper  on,  by  Kdwanl  Orton   HjH 

Rodway,  James,  ])aper  on  Struggle  for  IJfe  in  the  Forest   :ta7 

Roemer,  Dr.  Ferdinand,  donations  to  library  by   59 

Rogers,  Josj'pli  A.,  jiapcr  on  correct iiui  of  sextants   H,  ({1 

Roils,  Bureau  of,  exchange  relations  with   H 

Rome,  Italy,  exchange  agency  in   44 

Rooms  for  scientific  work   14 

Roslock,  rniversity  of,  sent  set  of  a<>adeinic  publications   iifi 

Roumania,  exchange  agency  for   4ii 

transmissions  made  to     4H.  47 

Royal  Aea<leniy  of  Sciences,  Turin,  donations  t»>  library  by   58 

Ruin  of  Penasco  lUanco,  Now  Mexico,  model  of,  prej)ared  by  Bureau  of  Kth- 

nnlogy   3ii 

Russia,  exchange  agency  for  ^   iH 

governmental  exchanges  witli   41 

hydrographi*'  (ttlice  of.  donations  to  library  by  

transmissions  math*  to   4<t,  17 

Ruiz.  Cons\il-(Jeneral  Domingo  L.,  grants  free  freight  ,  44 
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Sarrt  il  I'ortniihiH  ot  tlir  Clin  oki'KK,  work  on,  in  |>ri-)i»rntioii   35 

Sjil!ii  i«T*  itt  Hiireau  of  Kt.lint)lo<;v,  oxpcmlil  ureH  for   xxv 

]>!ii«l  oil  account  «if  iiitrrnntional  •■x(rliung«;H  

paiil  l»y  Xatioual  Musi-iun  jirtf  ln>low  tho  standard   U 

n>]»aymenti<  on  a«'<'ouiit  of   xxii 

of  Smithsonian  «'nii»lov«'K,  4>x)H-n<lituroH  for   XXII 

Sal*'  of  bonds,  «le}M»Hits  from   3 

Saie8  of  puldiratiiMiH,  amount  r«*ali/«'d  from    3 

San  Salvailor,  i-xrliango  ajjtMicty  in   15 

transmisHions  made  t«   4H.  IT 

Santia;:o.  Chile,  <'\fhanj?e  afjonry  in    il 

SaiiromaluK  atrr  addi-d  to  Zo4"do;;iral  Ihilk   52 

Savings  froju  in«-oni«>  of  InNtitution   3 

Saxon.N.  go\ rrnun'iital  «x<-hrtn^««8  with   43 

traiitsmi.HHiouM  ma<l«'  to   il 

Soliiimacher.  A.  A  Co.,  ;;rant  friM-  frri^ht   lit 

Scii-nce,  natural,  relation  to  art.    I 'a  per  liy  K.  dn  UoiN-Kcymon<l   liiil 

Soienfifie  funrtion.s  of  National  Museum   11 

work  of  tJeorp-  Simon  <Him,  hy  Ku^ene  I  unuiu  l   212 

rooms  assigned  for   LI 

ScinruH  ejirolinunsis  and  huil>ioniuM  a4l(hHl  to  /ordogii-al  Park   ^ 

Scitiropterns  volne<dla  added  to /ot'dogieal  I'ark   52 

SerewH,  Htandard  hi/a-s  of,  invest igations  upon   7 

Seehunnivi,  ]mehlu  <)f,  model  of,  prepared  hy  Kureau  of  Ethnology   3B 

Seal  added  to  Xord<ii;ieal  Park   52 

SiM  ietary  of  Navy,  .i  member  (d  "The  KHtabliHhmunt "   ix 

S»MT«f:irs  of  Smithsonian  InHtitutifm,  Annual  Report  for  ISXS   fi2 

1X«»   la 

report  to  hoard  of  Ifegents,  June  'MK  WM   1 

aiithori/.ed  to  aet  in  all  matterH  pertaining  to  tin- 
Nat  i<mal  /ot'dogieal  Park   xii 

letter  to  Congress,  subnutting  rc))ort   ill 

pr4i>ents  annn:il  report  to  lioard  of  Hegeutn   x\ 

lilirary.  lnM»ks  required  for   12,  13 

oil  additional  lire-proof  building  for  Museum  xiii.  xvi 

apptnntment  of  .ludgo  DeveuH   Xll 

astro-physieal  observatory   xiii 

lilling  va«-aneieH  in  Board  of  Ifegents   xi 

Kidder  lHM|ueHt   XIX 

niodiliealion  of  organie  art   xvii 

ri-.iiii)inrHement  on   mom>y  ex|ii-nded   on  e\- 

tliangeH   XVII 

Seeretary  of  Slate  .1  member  of  •■  rile  KstabliHhment  "   IX 

Slate  foi'  India,  donations  to  library  J»y  

'rre.asnry  a  momlier  of  "  The  Kstoblishnii'nt  "   ix 

W.'ir  a  member  of  '"The  Establishment"   IX 

Senate  artiou  on  new  liuilding  for  Museum   a 

Serials  added  to  library   12.  'ui 

Servia,  exchange  at;i  ney  lor  %   AIi 

transmisHioiis  made  to   U».  12 

Sextants,  eorreetion  of,  pap«'r  on,  by  .Ios«'ph  A.  l{og«ir»   51 

Shamans,  Ojibwa,  work  on,  in  preparation   3a 

Shanghai,  exchange  agiMiey  in   li. 
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Shawano,  vocabulary  of,  in  prfiparatinii   .ili 

Sherman,  Gen.  William  T.,  notice  of  death  of   2. 2i 

Shipping  agcntH,  liHt  of   iii 

Sia  Indians  cuHtoms  and  mythology,  study  of   '££. 

Siderostat  employed  by  OMtrophyHical  observatory   1 

SiemouH,  von,  Werner,  paper  on  the  ^ueral  oireulation  of  the  atniosidu  re. .  LIU 

Si>rii  Ianjj;nage,  expenditures  for   x  x  v 

Si^al  Office,  exchange  relationn  with   U 

SimpliticatioQ  of  exchange  records   in 

Siouau  cnltH,  Htudy  of,  paper  on,  in  preparaticui   'M 

Smith,  (j.  v.,  paper  on  the  use  of  flint  blades   liiil 

Smiths  town,  Indian  village  hite  at,  study  of   IIU 

SniithMon  bequest,  condition  of   li 

SniithNonian  Building,  expenditure.'*  for  xxii,  xxx\  i.  xxxviii 

lireprooling  of   xii 

('ongressi<nial  appropriation  for   G 

repair,  ('ongrcHsionul  appro'priation  for   i 

Contributions  to  Knowledge,  rejiort  on   >L.*M 

fund,  eondition  of  xxi,  xxxvii.  xxxviii,  xxxix 

offers  especial  guaranties  to  endowments   li 

Institution,  exchange  relations  with   11 

exi'cutive  committee  to  report  on  x\i,  xxx\  ii.  xxxix 

memberfl,  regents,  and  officers  of   ix 

miscellaneous  collections,  report  on   .S.<K) 

observatory.    tSee  Astro-physical  Ob8er\  atory. 

Snakes  added  to  Zoological  Park   ii2 

Snider,  Geo.  L.,  appointed  assistant  in  Kxchange  Hureau  

Societii  Romana  di  Storia  Patria,  donations  to  library  by   ii8 

Societies  in  correspondence  with  Exchange  Hnreau  1 1 .  HH.  'Mi,  Ifl 

.Society  of  Writers  to  IL  M.  Signet,  donations  to  lil)rary  by   .jii 

Soldiers'  Home,  exchange  relations  with   LL 

Solids,  the  flow  of,  j>aiier  by  William  Hallock   'Jlil 

South  American  red  deer  add<'d  U*  Zoological  I'ark   ii2 

Australia,,  exchange  agency  for   li 

governmental  excbanges  with   LI 

transmissions  made  to   !>>,  H 

Southern  Observatory,  paper  by  A.  M.  Clerke   Hi 

Spain,  consul  for,  grunts  free  freight   11 

exchange  agency  for   li 

governmental  exchanges  with   II 

transmissions  made  to   Ht.  17 

Sparrowhawk  added  to  Zoi'dogical  Park   uJ 

.Speai"8,  i  R.,  the  (  'orbiu  (»ame  Park   HI 

.Specimens  in  Nati(mul  Musculo,  number  of   Hi 

SiM'Ctro-lM>lomet4'r  employed  by  astrophysical  observatory   I 

Spectroscopy,  celestial,  paper  bv  William  llu;rgius   liU 

Squirrel  addi'd  to  Zoi'dogical  i'ark  

St.  Johns,  Newfoundland,  exchange  ageiu  y  in   11 

St.  Helena,  exchange  agency  for   AH 

St.  Petersburg,  Russia,  exchange  .igency  ill    lA 

♦Standard  sizes  of  screws,  etc.,  investigations  upon   <»,  I 

Stat43  Department,  exchange  relations  with   U 

institutions,  repayments  on  a<;e«iiint  of  exchanges   1 1.  ;{!>.  in 

Statement  of  governmental  exchanges   nil 
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StateiiuMit  nt'  work  done  l>y  Kx('liaii«:o  Bureau  10. 38^  ^ 

StatioiHTv  p:ii«l  ouiici'ouiit  ol'  intoniationsil  «'xclianKe.s   ifl 

re-pay monts  on  acM'ouut  of   xxii 

UKed  by  Institution,  «'XjMMi<litur«'s  for   xxii 

Statue  ofl'n.f.  Haird   Li 

RolK  i  t  Dalo  Owen   Li 

St<dlair  distances,  jiaper  by  A.  M.  Clerkr   l<)3 

Stvreolype  plat^-s,  evnniination  of   11 

St<'Ven«on.  MtH.  Matilda  ('.,  general  ti««Id  Htudifs  of   iJ2 

paper  on  Sia  Indians  in  ]tr<-paration   36 

Stewart,  Con«ul-(teueral  Alexander,  j^rant-s  free  freight   H 

Stoekholni,  Sweden,  oxebau^jc  agency  in   4a 

Stras-shurg,  Tniversity  of,  sent  set  of  aeadoniie  publications   5a 

Strix  pratincole  added  to  Zoiilo^ii'al  I'ark   £i2 

Struggle  for  life  in  the  forest,  by  James  Hodway   321 

Sumatra,  donations  to  Zool«)gj<«al  Park  from     '£i. 

Summary  of  progress  in  anthropology,  by  O.T.  .Masou   13^ 

Sun's  motion  in  space.  p.i)>er  by  A.  M,  Clcrke   ilB 

Surgeon-'Jeneral's  office,  exchange  relations  witli   11 

Sui  vey,  topographical,  of  Zordogical  Park   M 

Swan,  Sonneschein  A  Co..  donations  fo  library  by   aU 

Sweden,  ex«'liange  ag»'ncy  for   4S 

governmental  exchanges  with     II 

trananiission.s  mad«-  to                                                         .   ifi,  47 

Switzerland,  <*xchango  agency  for   ^ 

governiuental  exchanges  with   II 

tratiBuiissions  made  to   1').  1" 

Sydney,  New  .'<outli  Wales,  exchange  agency  in   il 

T. 

Tabular  statement  of  exchange  work   39 

accessions  to  Museum  collections   lii 

Taniandua  tetradactyla  added  to  Zoidogical  Park   a2 

Tamiaa  striatus  ad(h  d  to  Zoological  Park   5;^ 

Tasmania,  exchange  agency  for   45 

governmental  exchanges  with                                                 ..  H 

transniis8i<ins  made  to   4H.  t" 

Tatusia  novenwinct  i  added  to  Zordo;ri<-al  Park    Sli 

Taxidea  americana  added  to  Zoidogical  Park   02 

Telegraph.  rc-paynn*nts  on  account  of.   xxii 

service  of  Institution.  «'Xpcn«litures  t«»r   xxil 

Tennessee,  ethnological  visit  to   i 

Textiles.  colle<'tion  of,  a«'crssions  to   lf< 

Thomas.  Prof.  Cyrus,  oliirc  work  of    3i  ' 

work  of   31.  34 

Ti«lc  \vater  regions  of  .Maryland  and  Virginia,  archaMdogical  exploration  of.  21.  ijjj 

Tinu'keeping  among  the  Chinesi-.  paper  on.  by  LL  .1.  Magowan   tiOI 

Tokio.  J:ipau,  exchange  agency  in   11 

Toltec  station,  Arkansaa,  nu>undH  near,  exaniinution  of   2i 

Tonkawe,  vocal>ulary  of,  in  pre|)aratiou   3a 

Topographical  survey  of  Zoological  Park   lii 

Toiiello,  Consul  (o'ueral  Knrique,  grants  fr<'<'  freight   H 

Tortoise  adtletl  to  Zoidogical  Park   52 

Tracy,  Hon.  l^  njamin       member  i>f  •  Tin'  Kstaldishment "   IX 
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'rnuiHiiiisHioiis  of  Con<;re«.sioiial  )»il>licntions   41 

oxohangfH  to  fon-igii  couutiicH  

Trans]>ortation  compsmies  granting  fn-r  froiglit   11.  15 

collertion,  art'Ohsioiis  to   Ih 

Ttvaty  ot*  Brussels  only  partly  in  optTatiou   11. 12 

|)rovi(ling  for  fxrhange  of  oilit-ial  <locuments  11.  40,  11 

TriMsiirv  iK'partniont,  oxclianj{<*r«lutionH  with   il 

Trihal  Hynonyniy.  work  on,  in  proparati(»n   35 

'rr(»glo<ly(fs.  the  home  of  the.  pa]>nr  by  K.  T.  llanty   42a 

Tnlting,  8tan«Iar<l  iliainptors  of   fij? 

Tiiliingpn.  I'nivrrHity  of,  8ent  sot  of  acad<Mnic ]>nl>l)cation8   ^ 

Tuckennan.  AJfre<l.  bibliography  of  the  chemical  inflniMice  of  light   fi2 

Turk«\v,  i^xcliange  agency  for   la. 

govennnental  exchange  witli   42 

tranNniiKHionn  made  to   lH.iI 

Timkarora  <liftionary  in  preparation  by  ,7,  N.  B.  Hewitt   Sfi 

IL 

l-nit4'd  St.itPB  National  MtiHenm.    {See  National  Mnsenm.) 

Universities  having  sent  of»mpletc  set  of  academic  ])nblicationA   58 

Urn ji nay.  exchange  agency  for   4ii 

governnu'nt  of,  establish  Kxchange  Hnrcan   il2 

tr.'insmisslon.s  made  to   16,  47 

Use  of  flint  blades  to  work  pine  wood,  paper  on.  by  (J.  V.  Smith   liQl 

Utrecht.  University  of.  went  net  of  acadentic  publications...   Qii 

V. 

Vacancies  in  Hoard  of  Uegentt  filled  by  Congre88ional  rosolntiou   xi 

Vatabb',  LL  A.  &  Co..  grant  free  freight    44 

Venezuela,  exchange  agency  for   45 

govcrntneiital  exchanges  with   42 

transmissions  made  to   46. 47 

Vertebrate  fossils  collection,  uceessions  to   IQ 

Vester.is,  Hiigre  Alliu.'inna  L:ir4»verk,  donations  to  library  by   53 

Vesteras,  University  of,  sent  set  of  academi<'  publications   58 

Viee-I'n-sidenl  of  the  Uuit»'d  States  a  member  of  "The  Entablishnient "   IX 

Victoria,  exchange  ag4'ney  for   45 

govermental  exchanges  with   42 

transmissions  niad»'  to   11L4I 

Virginia,  ancient  cemetery  in,  examination  (»f   iil 

systcmatie  archa-ological  exploration  of   iM.  'M) 

deer  aibl<Ml  to  ZoJ'dogical  Park   !±1 

^'isitors  to  Zoiiliigieal  Park   51 

Voorhe<'s.  lion.  Daniel,  introduced  bill  forHtatueuf  Robert  Dale  Owen   IH 

Vulpes  fulvns  added  to  Zoi'dogical  Park   52 

VValpi,  pueblo  of.  model  of,  prepared  by  Bureau  of  Ethnology   'M 

Wauamaker,  Hon.  .John,  member  of '•  The  Kstaldishment "   ix 

War  I>ei)artment,  C'lMign-ssional  act  diiei'ting  payment  of  freight  on  «'X- 

clianges   Xi.i 

exchange  relations  with   41 

Water  moccasin  adiled  to  Zoological  Park   52 
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WVanofk,  ancieut  villafie  site  of,  examination  of   21 

Woasel  adilt'd  to  Zoiilojfical  I'ark   52 

W««hI,  \Valt<  r  Harvey,  papur  iiii  •jeym-ra   ISi 

Weight  of  packages  received  by  Kxchaiige  Hureaii   38,  ^ 

Weitxpekan  vocabulary  in  preparation  by  Jercniiab  Ctirtin   ^ 

Welling,  Dr.  James  C.  appointed  regent  of  Institution   X,  xi 

chairman  of  executive  committee  x,  xxxix 

report  presented  by  XII,  XXXix 

resolution  by   xii,  xx 

Wellington,  New  Zealand,  exchange  agency  in   41 

Wesley,  William,  di  sith  of   4^ 

Wesley,  William  &  Son,  acknowledgments  due   12 

exchange  agents  for  Knglan<l   Ai. 

Wheeb-r,  Hon.  .Joseph,  regent  of  the  Institution   X,  Xl 

White,  Hon.  An<lrt;w  I).,  regent  of  the  Institution   x,  xi 

White  Cross  Line,  of  Antwerp,  grant  free  freight   44 

Wicomico  River,  oyster-dre<lging  station,  examinatiiin  of   31 

Wiblcat,  added  to  Zoological  I'ark   52 

Wilson  &  Asmus,  grant  free  freight   H 

Windom,  Hon.  William,  nu>mber  of  "The  Plstablishment "   ix 

death  of   1 

Winlock,  W.  C,  curator  of  exchanges   42 

report  on  exclianges   11.  47 

Wintu  vo<-abulary  in  preparation  by  Jeremiah  ('urtin   3& 

Wisconsin,  mounds  iu.  examined  by  W.  H.  Holmes   29 

Wolvrs  ad<led  to  Zoological  I'ark   52 

Woodchuck  added  to  Zoological  Park   52 

Work  done  in  Zordogical  I'ark  ^ 24, 4X. 43.51 

World's  Columbian  Kxposition   20 

Dr.  (r.  Itrown  (•(lode  appointed  Smithsonian  representative   2Q 

Congressional  appropriatiiui  for  exhibits  Xi.iii, 2Q 

Karll,  Kdward  U.,  appointed  chief  special  agent   211 

Wright,  I'eter.  A  .S«Mis,  grant  free  freight   13 

Wiirtembcrg,  governmental  exchanges  with   II 

transmissions  made  to   12 

Wiir/.bnrg,  I'niverHity  of,  sent  set  of  academic  publications   58 

Y. 

Yana  vocabulary  in  preparation  by  Jeremiah  Cnrtin   36 

Z. 

Zi-ka-wci  Observatory  acts  !i«  exchange  agent  for  China   41 

Zoolo,^ical  I'ark  accounts  examined  by  executive  committee  xxxviii 

antelopes.  accomuKMlations  for   49,  'tO 

aninuil  shelters  constructed  in   49 

animals  to  be  procured  by  CommisHionera  of  World's  Co- 
lumbian Exp<»sition   5(1 

liaker,  Frank,  acting  manager  of   52 

balanci'  of  a))propriation   xxxv,  xxxviil 

bear  dens,  construction  of   24.  Hi 

births  4if  animals  in   5li 

bisons,  acconiiiiodat ioMs  for   2r>. 49 

bridge  in    23.  24.  ii<,  4H..'>1 
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Zoriloifioal  Park,  ImihlingK   li 

doer,  acroiuiiiiMlutioii.H  fi»r   49. 50 

clephauta  iu   50 

(•stimutes  for   -1 

e\]»ei)(litur('M  xxii,  xxxv.  xxxvi 

Holt  mansion  in   4X 

list  of  actes'ions   ."iQ.  52 

mortality  among  uniniaU  in   M 

prairieMloji^  l  olony  in   5Q 

report  of  actiii;;  iiiaiia<;«'r   IK 

report  of  oxenitive  committee  on  xxi,  xxxv 

KiM-n'tary's  report  oi»   1,  21.  L?8 

roads  in  23.24.48 

topogra))hical  8urv«^y  of   Ih 

visitors  to   51 

work  dono  in  2^24.iiL4i|,al 

ZUrieh,  UniverNity  of,  sent  wt  of  aradetnif  )>uUlicatious   Jiii 
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